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51[:CT I ON 1

INTIRODUCT ION

One of the few radical departures from conventional design practices
in aerially delivered ordnance is the bluff bomb. Bluff shapes are not a
neW concept but only in the past few years has any recognizable effort been
made to develop bluff bomb technology' to the point where it would be usable
with weapon systems. Tllhcre are several reasons foi interest in this shape
of weapon. First, the short compact shape allows high density packaging
in aircraft bays. This is especially true in short wide bays since most
conventional weapons are long and narrow. Second, bluff weapons exhibit
relatively high free stream drag due to their basic shape and therefore can
allow the delivery aircraft to safely escape bomb fragments even during low
altitude delivery'. 'Th1ird, bluff bombs exhibit relatively low lift and mo-
ment coefficients curve slopes and therefore separate well at all speeds by
passing through the flow field rapidly with minimal perturbation.

There were several programs that provided major impetus to the M117
bluff bomb program addressed herein. First, during the Supersonic Munition
Program conducted by the Air Force and the Boeing Company during the mid-
1960's, a 500-pound-class bluff shaped bomb, the BLU-58/B (Figures 1 and 2),
was developed and successfully flight tested (References 1 and 2). Second,
the AF, NASA, and General 1)ynamics Corporation have conducted a program to
gain improved perforiaance capabilities with the F-1i 1, called the Transonic
Aircraft Technology Program. This programn incorporated wing shape and struc-
tural chan1ges that would allow improved cruise and dash performance. tHow-
ever, the wing, in order to be effective, had to be clean, meaning that
ordnance had to be carried internally in the small weapons bay. Although
the bay was designed with only two bomb racks it was apparent that there was I
room in the bay for milan) more bombs if these bombs exhibited better packaging
efficiency in the bay. A bomb such as the BLU-S8/B appeared to be an excel-
lent candidate. Third, as the conventional weapons capabilities of the B-1 I
became better defined, it became apparent that the bay dimensions were such
that maximum compatibility' with inventory conventional weapons would not
be achieved because the usable bay length of about 168 inches was excessively
long for a single stack of weapons (most of which are about 90 inches long)
but not long enough for two stacks of weapons. Also, from experience with
the B-52, it was assumed that significant separati. n problems could be aai-
ticipated during releases from the deep bays of the B-1 at high speeds with
conventionally shaped munitions. It was expected, however, that short bluff
bombs would package well in the B-1 bays and also separate well from the bays
throughout the expected B-1 subsonic/3upersonic flight envelope. Finally,

References:
1. The title of this reference is available to qualified agencies upon
request to AFATL (DLJC), Eglin Air Force Base, Florida.

2. ADTC Technical Report ADTC-TR-69-169, Contractor Support Test of BLU-58/B
Supersonic Bomb, November 1969, UNCLASSIFIED.
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it contr1actor I, (;ell era 1 IDvniiili CS Co rporaZt i on I, haMd propoj)Sed a til iCILIe nd i )Ix V-
pens i ye %ý Iay to cr rC Ite I) ItfIftI bombs .Tbhat technique %a s to Cast mc ti a inose
and tail caps . After iccmov i g the normal tail from a bomb) and r~evers ing the
warhecad , and caps would he installed onl the wa iii ad and hel1d in pl ace by the
f uze C The re soIt i i b luffl bomb would be' app roI a i~ ecn S long
as its invetitory counterpart. Also through such a Concept a whole family of
blu ff bombs Coould be mV iS i oied , based Onl avail1ablIe warheads with Known t-r -
Mll al Uft-Cct S, thereb- aIvoiding the t ime consuming, and costl1y development of
a whole new famil1) of ')ombs. Fur~ther, the cont ractor proposed to fabricate
at rack assemblhy us ing MlAU-I 2 ejectors that would al low car~riatge of five
mlod ified Ml 1 7Ih lff bombs)F in, thle weapons hay of all F-Ill . The fiv~e-bomlb
Configuration conlStitutetS a high denSity' load, conIfiguration1

Al though a single cont inuous effort was conducted to provide informa-
tion on bluff' bombs, the various studies, can be general ly characterized as
addressing e-ither the characteristics of thle bombs (such as their physical,
fabrication, loading, separation or ballistic characteristi cs) or their
appjlicationIs (SuIch aS tactical , strategic, high altitude, low altitude,
subsonlic Or supersonic delivery utility). Iiiile the characteristics are
documented by observation, tho applications represent best est ýilzates, of
potential uti~lity based onl proj ected physical characteristics. Accorthingly,
this report is divided into two volumes to separate the factual datca from
the projected estimates. Volume 1, Characteristics, addresses the design,
fabricat ion and flight test ing of some b luff shape)Ld bombs. Vo 1lme I I
Appl icat ions, contains estimates of tile potential ut ilitv of some bluff
bombs with several aircraft in tactical and strategic roles . Volulie I is

unclassified; V\1olum10 1 is classified CONFIDENTIAL.
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SECTION 11

DISCUSSION

An engineering development program was established to conduct the
necessary bluff bomb hardware developm.ent and fabrication, wind tunnel tests,
separation and ballistic analyses, and flight testing. Primary program
objectives were to demonstrate the feasibiliCy of a kit-type bluff bomb
based on an inventory warhead, to establish the delivery characteristics of
such a weapon, and to gather information on high speed delivery of ordnance
from high density internal bay zonfigurations.

Hardware design and fabrication were conducted for the Air Force by
General Dynamics through an unsolicited proposal. Hardware was initially
to be similar in shape to the BLU-58/B but based on the M117 warhead. The
M117 warhead provides a length-to-diameter ratio (L/D t 3) very Ezmilar to
the BLU-58/B but the bluff bomb based on the M117 (termed the Mll7M) is
larger and weighs about 800 pounds. Wind tunnel testing was Ponducted as
appropriate to establish the aerodynamic characteristics of M117M variations
and to provide safe separation predictions. Flight tests were conducted to
verify separation characteristics and to gather ballistics and pattern in-
formation. The program we- originally structured to gather terminal effects
data (to establish any effect the kit had on warhead fragmentation charac-
teristics) but arena testing was determined to be too costly.. .s a partial
substitute, a release was made with fuzed live bombs to demonstrate feasi- Ibil',.ty of concept. -

F- III/BLU-58

During flight tests discussed in Reference 2 BLU-58/B bombs (Figures
1 and 2) were released from F-10S and r-4 external pylons. At the completion
of that test there were eight bombs available as residual hardware. Contrac-
tor wind tunnel data were already available to show that the BLU-58/B would
separate well from the existing F-1ll bay. Since flight tests with these
bombs could be supported at minimal costs, the first phase of flight tests
under this effort was the single and ripple release of two BLU-58/B bombs
from the normal F-Ill weapons bay at transonic Mach numbers from 0.8 to 1.3.
Additionally, since a kitted type bluff bomb was envisioned for later test
programs, a wind tunnel test program was conducted to determine the exact
bomb shape desired. Although it was desirable to simply fabricate a kit
that would convert an M117 warhead to a scaled-up BLU-58, it was also desir-
able. to gather parametric information to assess the effects of factors such
as nose length, aft end length and position, forward ring height and position,
and the shape of the aft face. A series of fifth-scale models were tested
at the General Dynamics high speed wind tunnel in San Deigo, California.
Tests were conducted at Mach numbers from 0.6 to 2.2 and angles of attack
of up to +23 degrees.

3
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In general, the results of the wind tunnel test show that the aero-
dynamic characteristics of the scaled ur M117M compare well with BLU-58/B
data. Although variation of geometric characteristics of the basic shape
could be shown to affect drag and stability, the stability levels were all
felt to be insufficient. Based on the test data, further wind tunnel test-
ing was recommended for conduct during later program phases. The basic
M117M is shown in Figures 3 and 4.

Since flight test program could be conducted at minimal cost, one was
established. Releases were made at the Armament Development and Test Center
from an F-1l1A bay (HWgure 5) as part of the Supersonic Munitions Project,
Reference 3. Test parameters are shown in Table 1. All releases were in
straight and level flight. Wind tunnel and flight test separation data are
shown in Figures 6, 7, 8, and 9. Due to an ejector rack problem (rear ejec-
tor foot vented piematurely) the first store released pitched nose down
about 90 degrees and oscillated all the way to the ground, The fifth store
released picked up a coning motion about 10 seconds after release 5.id even-
tually went unstable. Releases 7 and 8 were to be a ripple release 'lut were
inadvertently released in salvo. As these two bombs separated, they each
yawed slightly nose outboard and their tails collided.

TABLE 1. RELEASE OF BLU-58/9 FROM F-ill BAY

Bay Altitude
Release Position Mach (Feet MSL) ALE Remarks

1i Left 0.82 2.2K 450 900 nose down pitch due to
vented ejector. No onboard
photographic coverage.

2 Right 0.87 2.1K 450 No onboard photographic
coverage,

3 Left 0.92 6.5K 450

4 Right 0.97 6.8K 450 Ballistic data showed
excessive drag.

5 Left 1.19 20.4K 630 Coning after 10 seconds,
went unstable.

6 Right 1.29 20.0K 630

7 Left 1.20 20.OK - Salvo released, tails

8 Right 1.20 20.OK - collided after release.

References:

3. ADTC Technical Report, ADTC-TR-71-55, Test of High Density Bombs (BLU-58/B)
on the F-ll1 Aircraft, May 1971, UNCLASSIFIED. A
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Release of Bluff-Shaped 500-PoundI
Bomb Fromt F-ill Weapons Bay

Coimparison -Flight Test to Wind Tunnel

Nose
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Figure 6. Release of BLU~-S8/B (0.92M)



Release of 'fluff-Shaped 500-Pound
tor'b fronm P-lll Weapons Bay

Couparison - Flight Test to Wind Tunnel

Release Conditions
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Figure 7. Release of BLU-S8/B (0.97M)
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Release of Bluff-Shaped 500-Pound
Bomb Fromn F-ill Weapons Bay

Comparison -Flight Test to Wind Tunnel

Release Conditions

SNeep Mach 'Al t
Noe630 1.19 20,I400 Ft
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30

20
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Figure 8. Release of BLU-S8/B (1.19M)
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Release of Bluff-Shaped SOO-P1ound
Bomd) From F-ill Weapons Bay

Coiiiparýison Flight Test to Wind Tunnel

Release Conditions

Sweep Mzach Alt

Nose 630 1.29 20,000 Ft
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Figure 9. Release of BLU-58/B (1.29M)
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As can be seen from the comparison of wind tunnel and flight test sep-
aration data, these bombs separated with very little pitching motion, less
in most cases than predicted hy the wind tunnel tests. iHwever, the insta-
bility exhibited during the fifth release was cause for concern. It was
known that bluff bombs had minimal static and dynamic stability; however,
unstable bombs were considered unacceptable from ballistics considerations
Contractor study of the instability problem, discussed in Reference 3,
determined that it was a direct result of inertial/aerodynamic coupling.
The particular bomb in question exhibited center of gravity off the longi-
tudinal axis and all bombs were round to exhibit less static and dynamic
stability than wind tunnel data predicted. The low stability coupled with
the off cg resulted in the bomb exhibiting a coning motion. Therefore, in
order to ensure coning tendencies are minimized, the contractor recommended
changes to the mass (center of gravity control) and physical (tail fin)
characteristics of the bomb.

F-111/Mll7M and M117M6

The second phase of bluff bomb development was to conduct free stream
wind tunnel tests to identify bomb shapes with improved static and dynamic
stability, and then to conduct wind tunnel and flight tests at transonic
and supersonic speeds to establish separation and flight characteristics of
the bomb chosen. Additionally, a brief flight test program was conducted
to compare M1l7M separation and flight characteristics to those of the
BLU-58/B.

1. Wind Tunnel Tests

Fifth scale wind tunnel tests were conducted at the General Dynam-
ics Convair high speed wind tunnel. The primary parameter investigated was
the effect of bomb tail design on bomb static and dynamic stability, although
ring variations were also investigated. Mach Numbers from 0.6 to 2.0, and
angles of attack from -5 to +25 degrees were investigated.

From the various tail shapes tested, one termed the M117M6 (Figures
10 and 11) was chosen. The M117M6 exhibits approximately twice the static
stability and five times the dynamic stability of the M117M barrel tail con-
figuration. Aerctdynamic data were then used to generate ballistic tables to
support later flight tests.

In order to support flight tests, separation data were also needed.
Since testing was to be with an F-1ll configured to carry five bombs in the
weapons bay, that configuration was installed in a 1/24th scale F-ill drop
model (Figure 12). Transonic wind tunnel testing was conducted at Arnold
Engineering Development Center (AEDC) in the 4--foot transonic wind tunnel
(4T) at Mach numbers from 0.7 to 1.3 to investigate the separation charac-
teristics of the M117M6 and several variants (Reference 4). Supersonic

References:
4. AEDC Technical Report, AEDC-TR-71-103, Freedrop Trajectory Characteristics
of Bluff-Shaped Bombs Released from the F-Ill Aircraft Weapons Bay at Mach
Numbers from 0.70 to 1.30, May 1971, UNCLASSIFIED.
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wind tunnel separation testing was conducted in the Convair 4-foot high speed
wind tunnel at Mach Numbers from 1.3 to 2.0. All separation tests employed
dynamic drop models with heavy scaling relationships. The test plans were
structured to investigate single and multiple release modes. Release se-
quence was varied to show effects of dropping forward bombs in the presence
of aft bombs and vice-versa. In this manner information was gained on out-
of-sequence releases. Store pitch rate at release was also varied.

Review of wind tunnel data showed that all stores separated safely
with slight initial nose-down pitching motion. Parameters other than store
shape had little effect on separation characteristics. The M117M6 exhibited
excellent separation characteristics throughout the flight envelope desired
for investigation during the flight test program.

2. Hardware Fabrication

Bluff bomb modification kits were designed, fabricated, and proof
tested by General Dynamics in the M117M and M117M6 versions. The M117M kits
were made because it was desired to release M117M versions at the same re-
lease conditions as BLU-58/B releases to show the effects of the scale-up.
However, since it was known that the M117M exhibited unacceptable aerodynamic
stability, all flight testing to be conducted from the F-l1l bay modified to
carry five bluff bombs was to be with the M117M6 version. The designs of
the modification kits are documented in Appendix I. Basically, each kit
consists of one nose and one tail casting. The M117 bomb body is reversed
for use with the kit. For purposes of this program, the nose casting is

affixed to the aft end of the warhead by an FMU-81 fuze or with the hexa-
gonal shipping plugs that come with the M117 bomb. Other fuzes could have
been used but this would have required development of additional means of Is
attaching the kit. The tall casting also attached to the warhead. Cutouts
are required in the ring of the nose casting to permit sway brace feet to
rest on the warhead surface and to preclude interference between the ring
and the bomb rack. The tail casting is prevented from rotating and is held
in proper orientation by a set bolt inserted through a hole in the tail

casting into an existing set screw hole in the bomb body. The castings are
aluminum and add a total of about 60 pounds to the weight of the warhead
(Appendix I). Due to the short length of the M117M6, three weapons will
fit aft of the existing two racks in the F-1ll weapons bay. A rack and

beam assembly containing an additional three MAU-12 racks was designed and
fabricated by General Dynamics. An electronics module was also fabricated
to link the existing weapons release system to the three new racks. The
design of the assembly is depicted in Figure 13 and documented in Appendix
II. Hard points are installed in the weapons bay structure and the rack
and beam assembly is then bolted in. The electrical controls are part of
the assembly and are connected after the assembly is mounted in the weapons
bay. The release sequence is controlled by which rack connector is mated
to which control unit connector, but throughout this test the release se-
quence intend&d was as depicted in Figure 14, which also shows the weapons
bay loaded with five M117M6 bombs. Bomb assembly, rack installation, and
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bomb loading are discussed in detail in Reference S.

3. Flight Tests

A test program was established and conducted at ADTC consisting of
a fit test and a flight test series. Live and inert munitions were released.
Separation and ballistic data obtained from flight test releases were re-
viewed by General Dynamics aird compared to separation predictions. Onboard,
chase, and ground motion pictures were made of each release. An attempt was
made to recove! all stores released to inspect the warhead for structural
degradation. Concern had been expressed that warheads impacting tail first
would split open on impact.

The primary source of separation data was the flight test film from
the 16mm motion picture. camera operating at 200 frames per second, located
in the wing tip of the F-ill weapon drop aircraft. This film was sometimes
unsatisfactory due to vapor, glare or other problems. In such cases analy-
sis of the weapon motions was not possible, since there were no other data
acquired.

Photogrammetric reduction (Reference 6) uses the onboard film to gen-
erate tabulated data of X, Y, Z, e and * versus time in milliseconds. For
waapons released from the weapon bay, data can only be obtained from the
time the weapon is fully visible to a point about 160 inches below the bay.
This data analyzed from the wing tip camiera film usually provides a some-
what distorted value at the ends due to the high wind sweep angle, single
camera solution, camera lens distortion and data smoothing methods. These
limitations must be taken into account when analyzing the data, since in
some cases trends were smoothed out of the raw data altogether.

The fit test consisted of an exercise of loading five M117M6 bluff
bombs into a mclified F-ill bay. In this manner, it was possible to cri-
tique the ability of the bombs to be loaded, the racks to be serviced, I
tightened, armed, and dearmed, and to otherwise evaluate the physical and
electrical compatibility of the system. The fit test was conducted in
accordance with MIL-STD-1289. All bombs were configured with nose plugs,
rather than fuzes, for the fit check. The fit check was considered success-
ful for test purposes but several problems were noted. The bombs are a
very tight fit in the bay with only 1/4 inch between the bombs and the bay
side and about 1/2 inch between adjacent bomb nose rings in the aft bay.
The MIL-STD-1289 requirement for these dimensions is one inch. These close
clearances render operations like sway brace foot tightening, rack locking,
etc. very difficult. Also, the close fit requires that bombs be prefuzed,
an undesirable situation. Complete fit test documentation is contained in
Reference 5.

References: .

5. ADTC Technical Report, ADTC-TR-74-19, Supersonic Weapons Separation from
F-1ll Aircraft (M117 Bluff Bomb), April 1974, UNCLASSIFIED.
6. 1969 Aircraft/Stores Compatibility Symposium Proceedings, Volume VI,
Experimental Session, Paper entitled, The Limitations and Tolerances of the
Store Separation Photogrammetry Technique, B.R. Bowers, R. Rawlings,
R. Fanning, UNCLASSIFIED.
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Flight testing consisted of a captive compatibility flight with five
M117M6 bluff bombs installed in the weapons bay, then three release missions
each with two M117M (round tail) bluff bombs in the weapons bay, then 19
release missions with the M117M6 (fin tail) bluff bomb. Flight testing is

*[ discussed in detail in Reference 5.

* For the captive compatibility flight, five M117M6 bluff bombs were
installed in the modified weapons bay. The captive flight was designed to
demonstrate the structural integrity of the bay installation and to evaluate
the performance, handling, and stability of the F-Ill with bluff bombs in-
stalled. Mach Numbers from 0.6 to 1.3 were investigated. At each test
point the weapons bay doors were opened for 30 seconds, then closed. After
the flight, the pilot reported no unusual or adverse handling characteristics.
There was no damage or degradation to the bombs, racks, structure or air-
craft that could be attributed to the bluff bombs. (It is noted in Refer-
ence 5 that during the captive compatibility flight and on several releaseI. missions that damage occurred to various parts of the F-1ll aircraft. All
damage was attributed to aircraft related problems and none was the result
of the bluff bomb program.)

Three missions were conducted with the M117M configuration to ensure
M117 type bluff bombs did indeed have separation and flight characteristics
that were basically similar to that observed for the BLU-58/B. These missions
were conducted using an F-111A aircraft. Quantitative separation and ballis-
tic data were not obtained from these first three missions. The Mll7M
missions were conducted as:

Mission 1. Single releases of two M117M bombs at 0.8 and 0.85 I
Mach and from 2,000 feet were conducted as planned
on 16 February 1971.Both bombs separated cleanly from
the aircraft. The bomb from the right rack pitched
down excessively upon release but stabilized prior
to impact with the ground.

Mission 2. Single releases of two M117M bombs at 0.9 and 0.95
Mach and from 2,000 feet were conducted as planned
on 18 February 1971. Both bombs separated cleanly
from the aircraft. The side of the MAU-12B/A rack
on the right station blew out when its bomb was re-
leased. That bomb pitched down excessively on
release, became unstable and did not recover prior
to ground impact.

Mission 3. Single releases of two M117M bombs at 0.9 and 1.2
Mach and from 20,000 feet were conducted as planned
on 8 March 1971. The 0.9 Mach release was a repeat
of the release condition from Mission 2 in which the
bomb was unstable in flight. Both bombs separated
cleanly from the aircraft.
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Except for the one bcinb from Mission 2, all bombs stabilized quickly
in flight. Separation and ballistic characteristics of the M117 with the
barrel tail proved to be very similar to the BLU-58 and confirmed that
static and dynamic stability of the shape are adequate for aircraft separ-
ation, but marginal for ballistic performance.

Testing was then initiated with the M117M6 fin tail bluff bomb from
the five-bomb weapons bay configuration. The first two missions were con-
ducted without the fin interlock on F-1l1A No. 26. All subsequent missions
were conducted with the fin interlock and on F-111E No. 4.

Figure 15 is a Mach-Altitude plot of M117M6 flight conditions. Table
2 lists, in chronological order, the subsonic and supersonic M117M6 bluff
bomb flight test drops and the subsonic tests of live fuzes and live weapon
drops. Weapons were released at Mach Numbers from 0.6 to 1.955 in single and
ripple release modes. The following paragraphs discuss the results of each
drop test conducted and compare flight tesz data to wind tunnel predictions.

Mission 4

Single drops were planned from all five positions at 0.8 Mach and 2,000 feet
altitude. This mission was conducted on 24 March 1971. On the first pass
the weapon from the number 2 position was released instead of the weapon
from the number 1 position. On succeeding passes, weapons were inadvertently
ripple released from positions 3, 4 and S. Post-flight investigations showed
that electrical circuit malfunctions caused the out-of-sequence release an(L
the undesired ripple release. Separation data were not obtained for the drop
from position 5.

Figures 16, 17 and 18 present the flight test data from positions 2, 3 and
4 and compare the flight test data to the drop model wind tunnel data. These
data comparisons show good agreement for vertical displacement and show that
the flight test pitch angle is less than the wind tunnel pitch angle for
Figures 16 and 17. The pitch angle for Figure 18 was questionable on each
end of the flight test data because of marginal camera coverage. A review
of the ground tracking film revealed that one of the weapons dropped on this
flight continued to oscillate to the ground.

All four of the weapons dropped on this flight separated satisfactorily.
Figure 19 shows selected sequence photographs of the chase plane film of
the drop from position 3 and is representative of the bluff bomb separation
characteristics at 0.8 Mach and 2,000 feet altitude.

Mission 5

Single drops were planned from all five positions at 0.9 Mach and 4,000 feet
altitude. This 'mission was conducted on 25 March 1971. Only the three aft
weapons were dropped on this flight because the chase plane pilot noticed a
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Figure 15. F-111/M117M6 Flight Test Release Conditions
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M117M6
Comparison of Flight Test Data

To Wind Tunnel Data
24 Marcý 1971 F-Il1A No. 26 Weapon Bay Position 2

Mach 0.803 Altitude 2179 Feet

0

0.2 0.4 0.6 0.8 1.0

Time Seconds

-40 l- 1ight Test Data
------ �ind Tunnel Data

U -80

"• -120

'-4

-160

-200

i20 -

20

a. -0

Figure 16. Single Release of M117M6 from Bay Position 2 at 0.8 Mach
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M117M6
Comparison of Flight Test Data

To Wind Tunnel Data
24 March 1971 F-IlIA No. 26 Weapon Bay Position 3

Macn 0.798 Altitude = 2188 Feet

0
I p

0.2 0.4 0.6 0.8 1.0
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I

-40 -,Flight Test Data
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Figure 17. Single Release of M117M6 from Bay Position 3 at 0,8 Mach
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M117Mb
Comparison of Flight *rest Data

To Wind Tunnel Data
24 March 1971 F-111A No. 26 Weapon Bay Position 4

Mach t 0,798 Altitude = 2188 Feet

0
I i I t. .

0.2 0.4 0.6 0.8 1.0
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-40 Flight Test Data
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Figure 18. Single Release of M117M6 from Bay Position 4 at 0.8 Mach
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CHASE SEQUENCE PICTURES

AIRCRAFT F-IlIA NO. 26 RELEASE CONDITIONS
First Drop - 24 March 1971 Mach - .80
Single Release - Position 3 2200 Feet

I •,I 4 _;...

-WIN

Figure 19. Chase Sequence of M117M6 from Bay Position 3 at 0.8 Mach

31



sizable object fall from the weapons bay before the weapon at position 4 was
dropped. A closer investigation by the chase plane pilot revealed that the
tail unit had come off of the bluff bomb at position 5. Neither position 4
nor 5 bombs were dropped. Investigatinn after the F-Ill was on the ground
showed that the tail unit from the position 5 bomb had come off and the tail
unit on the position 4 bomb was quite loose. It was surmised that the
attachment plug that mounts the tail unit to the bluff bomb was not torqued
down correctly. The attaching system was thoroughly checked and a locking
system was added to the kit design to prevent further problems of this
nature.

Reduced flight test data were obtained only for the number 2 position.
However, the chase plane film was used by the contractor to obtain data for
positions 1 and 3. Figures 20, 21 and 22 present the flight test data and
compare it to the drop wind tunnel test data.

The flight test data from positions 2 and 3 show less pitch excursion than
the wind tunnel data. The flight test data from position 1 show consider-
ably more nose-down pitch than the wind tunnel data. (This may have been
caused by a rack malfunction which imparted an excessive initial nose-down
pitch rate to the bomb. The 0.95 Mach drop discussed next did not pitch
nearly as much for position 1.)

Each of the three weapons, dropped on this flight, separated satisfactorily.
Figure 23 shows selected photographs of film from ground cameras of the drop
from position 3 and is representative of the bluff bomb separation charac-teristics at 0.9 Mach and 4,000 feet altitude.

Mission 6

Single drops were planned from all five positions at 0.95 Mach and 2,000
feet. This mission was conducted on 27 August 1971. Post flight analysis
of the photographic coverage of this flight showed that the right-hand weapon
bay door was open properly for the weapon drop from position 1 but was closed
for drop from positions 2, 3, 4 and S. The weapon from position 1 was sep-
arated satisfactorily on the first pass. On the second pass the weapon from
position 2 was safely separated because this weapon is on the left-hand side
of the aircraft. On the third pass the weapon from the aft right-hand side
of the aircraft was ejected onto t1>. closed right-hand weapon bay door.
The bay door sustained the force of the ejected weapon and did not break.
The weapon finally rolled out the left side of the weapon bay in a tumbling
manner which was noticed by the chase plane pilot. The chase plane pilot
checked the aircraft; however, his lack of familiarity with the F-1ll weapon
bay configuration resulted in verification that bay doors were normal al-
though the right-hand door remained closed.

On the fourth pass the forward left-hand weapon was dropped and separated
satisfactorily. Again, everything appeared normal to the chase pilot.
The forward right-hand weapon (position 5) was then ejected through the
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Comparison of Flight Test Data
To Wind Tunnel Data

25 March 1971 F-111A No. 26 Weapon Bay Position 1
Mich -0.911 Altitude *4134 Feet

0

0.2 0.4 0,6 0.9 1.0
Time -Seconds

Flight Test Data
-40 (Chase Film)

-'Wind Tunnel Data

1. Wind Tunnel Data at
1000 Feet

4) 802. Rack Malfunctioned

Producing Excess Nose
Down Pitch Rate

4J

> -160

-20

-200

20

-4)

~'-20

Figure 20. Single Release of M117M6 from Bay Position 1 at 0.9 Mach
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M117M6
Comparison of Flight Test Data

To Wind Tunnel Data
25 M,.arch 1971 F-1lIA No. 26 Weapon Bay Position 2

Mach 0.898 Altitude 4105 Feet

0
•'I I|II

0.2 0.4 0.6 0.8 1.0

Time- Seconds

-40 -- Flight Test Data

- Wind Tunnel Data

Note: Wind Tunnel Data
at 1000 Feet
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Figure 21. Single Release of M117M6 from Bay Position 2 at 0.9 Mach
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Ml117M6
Comparison of Flight Test Data

To Wind Tunnel Data
25 March 1971 F-111A No. 26 Weapon Bay Position 3

Mach 0.895 Altitude =4085 Feet

0

0.2 0.4 0.6 0.8 1.0

Time - Seconds

Flight Test Data
-40 -(Chase Film)
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Figure 22. Single Release of M117M6 from Bay Position 3 at 0.9 Mach
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GROUND SEQtir.,NCE PICTUJRES

AIRCRAFT F-1.ilA No. 26 RE~LEASE CONDITIO0NS
Second Drop -25 March 1.971 Mach - .90
Single Release - Position 3 41.00 Feet

'IA

3 ~6

Figure 23. Ground Sequence of M117M6 from Bay Position 3 at 0.9 Mach
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closed weapon bay door. Several large pieces of debris were noticed by the
chase pilot and reported to the F-Ill crew. The F-l1l landed without
incident.

Post-Flight investigation revealed that a spacer was missing from the splined
shaft which transmits power to open and close the right-hand weapon bay door.
The only significant damage was to the weapon bay door. -Due in part to a
logistics problem to obtain parts to repair the weapon bay door, the bluff
bomb testing was delayed until early summer 1972.

The onboard camera film quality was not good enough to obtain reduced data.
Thereforýý, chase plane film was used to obtain as much information as pos-
sible. Figures 24 and 25 show the flight test data for positions I and 2
which compare very closely to the wind tunnel data shown on these same
figures. Since the weapon from position 3 hit the door and rolled out, it
was not possible to obtain any useful data for this drop. Figure 26 shows
the flight test data and wind tunnel data for the drop from position 4. The
chase plane location on this drop was such that only very qualitative data
was obtained. Therefore, the agreement between flight test and wind tunnel
data is not close. Figure 27 shows the flight test data from position 5 which
indicates that the weapon recovers and separates safely, even after being
ejected through the weapon bay door.

All five of the weapons were dropped on this flight and all the weapons
separated satisfactorily, even though weapons 3 and S hit the closed weapon
bay door. Sequence photographs are not shown for this flight because the
quality of the film was not good enough.

Mission 7

This drop was planned to be a ripple drop of all five weapons at 0.8 Mach
and 2000 feet with a 100-millisecond interval between weapon drops. The
mission was conducted as planned on 2 June 1972. This was the first ripple
drop and all five weapons separated from the aircraft quite satisfactorily.
Tabulated data were obtained for all five weapon drops. Figures 28, 29, 30,
31 and 32 present the flight test data from this flight. Wind tunnel data
is presented for comparison in Figures 28, 29, 30 and 31. Flight test data
from the single weapon drops at this Mach-altitude condition (first drop)
are also presented for comparison in Figures 29, 30 and 31. These figures
show good agreement between wind tunnel data and flight test data and good
agreement between the ripple and single drop flight test data for weapon A
separation. A

Figure 33 shows selected photographs of the chase plane film which indicates
how cleanly the weapons separate from the aircraft.
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M117M6
Comparison of Flight Test Data

To Wind Tunnel Data
27 August 1971 F-111E No. 4 Weapon Bay Position 1

Mach 0.95 Altitude 2000 Feet
0

I I 'I 'I

0.2 0.4 0.6 0.8 1.0

Time - Seconds

-40--Flight Test Data
(Chase Film)

Wind Tunnel Data

0k Note: t = 0 is Time of First

Bomb Movement Using
-80 Chase Film

-8

• -120
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o ,

> -160

-200

20-

"4)
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/ / Time -Seconds
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Figure 24. Single Release of M117M6 from Bay Position 1 at 0.95 Mach
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M MI 7M6

Comparison of Flight Test Data
To Wind Tunnel Data

27 August 1971 F-111E No. 4 Weapon Bay Position 2
Mach= 0.95 Altitude 2000 Feet

* 0
, ' I .. . .

0.2 0.4 0.6 0.8 1.0
Time -Seconds

-- Flight Test Data

-40 (Chase Film)

Wind Tunnel Data

Notes:
1. t = 0 is Time of First

Bomb Movement Using
-80 Chase Film

2. Right Hand Bay Door Closed
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Figure 25. Singia Release of M117M6 from Bay Position 2 at 0.95 Mach
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Mil 74M6
"Comparison of Flight Test Data

To Wind Tunnel Data
27 August 1971 F-111E No. 4 Weapon Bay Position 4

Mach - 0.95 Altitude v 2000 Feet

0

0.2 0.4 0.6 0.8 1.0
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-- Flight Test Data
-40 - (Chase Film)
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2. Data from Chase Film is
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41 \Because of Chase Plane"-120 Location During No. 4 Drop
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Figure 26. Single Release of M117M6 from Bay Position 4 at 0.95 Mach
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M 17M6
Flight Test Data

427 August 1971 F-111E No. 4 Weapon Bay Position 5
Mach = 0.95 Altitude 2000 Feet

S0 .... ...__ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _
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Figure 27. Single Release of M117M6 from Bay Position S at 0.95 Mach
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Ml 1 7M6
Comparison of Flight Test Data

To Wind Tunnel Data
2 June 1972 F-111E No. 4 Weapon Bay Position 2

Mach = 0.80 Altitude = 2000 Feet

0
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Figure 29. Ripple Release of M117M6 from Bay Position 2 at 0.8 Mach
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M117M6
Comparison of Flight Test Data

To Wind Tunnel Data
2 June 1972 F-lllE No. 4 Weapon Bay Position 3

Mach 0.80 Altitude = 2000 Feet
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Figure 30. Ripple Release of M117M6 from Bay Position 3 at 0.8 Mach
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M117M6
Compa-.ison of Flight Test Data

To Wind Tunnel Data
2 June 1972 F-111E No. 4 Weapon Bay Position 4

Mach v 0.80 Altitude = 2000 Feet
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Figure 31. Ripple Release of M117M6 from Bay Position 4 at 0.8 Mach
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M117M6
Flight Test Data

j2 June 1972 F-111E No. 4 Weapon Bay Position 3
Mach =0.80 Altitude =2000 Feet

0
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Figure 32. Ripple Release of M117M6 from Bay Position S at 0.8 Mach
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AIRCRF F-111E 2O EES CONDITIONS

RipPRlaeof Five -1.00 Ms. 2000 Feet

M"mm

Figure 33. Chase Sequence of Ripple of Five M117M6 at 0.8 Mach
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Mission 8

This was planned to be the second ripple drop with a 100-millisecond inter-
val between weapon drops. The planned Mach was 0.95 and the altitude was I
2000 feet. This mission was conducted as planned on 27 February 1973.
Tabulated data were obtained for all positions, except No. 1 which was ob-
scured by a glare at the time the weapon was separating. Figures 34, 35,
36 and 37 present the flight test data from this ripple drop. Wind tunnel
data are also presented for comparison for Figures 34, 35 and 36. Figure
34 also presents the flight test data from the single drop at this same
Mach-altitude condition. These figures show close agreement between wind
tunnel and flight test data, and Figure 34 shows close agreement between
ripple and single drop flight test data.

Figure 38 shows selected photographs from the ground coverage film which
indicate the weapon separation characteristics at this condition.

Mission 9

This drop was made as planned at 0.6 Mach with one weapon dropped at 2,000
feet and one at 20,000 feet. These weapons were dropped from only the two
forward positions on 28 February 1973. These drops were made to determine
the bluff bomb separation characteristics at a low dynamic pressure and a
high angle-of-attack.

Tabulated data were obtained for both drops and are presented in Figures 39
and 40. Both weapons had satisfactory separation characteristics. Selected
sequence photographs from the wing tip camera for the first drop is shown by
Figure 41 and indicates how the weapon separates from the aircraft.

Mission 10

Following the successful ripple d-.op at 0.8 and 0.95 Mach at 100 milliseconds,
a 0.95 drop was planned at 50 milliseconds between weapons. This mission was
conducted on 22 March 1973 at 0.965 Mach and 1950 feet altitude. A review
of the motion pictures of this drop indicated that all five weapons separ-
ated satisfactorily.

The wing tip film from this flight was not good enough to obtain weapon
separation data, and the chase film was not adequate to analyze. Figure 42
shows selected sequence photographs from the wing tip camera. These photo-
graphs indicate how cleanly the weapons separate from the aircraft.

Mission 11

This drop was planned to be single drops of all five weapons at Mach 1.2 and
2000 feet altitude. The first three positions were dropped essentially as
planned on 5 April 1973. After the third weapon was dropped the weapon bay
doors would not close so the remaining two weapons were dropped on the same
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MIl7M6
Comparison of Flight Test Data

To Wind Tunnel Data
27 Feb 1973 F-I11E No. 4 Weapon Bay Position 2

Mach 0.95 Altitude = 2000 Feet

0 0 I I I
0.2 0.4 0.6 0.8 1.0

Time - Seconds

Flight Test Data - Ripple-40 - Wind Tunnel Data
i -- - Flight Test Data - Single
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Figure 34. Ripple Release of M117M6 from Bay Position 2 at 0.95 Mach
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Ml117M6
Comparison of Flight Test Data

To Wind Tunnel Data
973 F-111E~ No. 4 Weapon Bay Position3
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Ml117M6
Comparison of Flight Test Data'

To Wind Tunnel Data
27 Feb 1973 F-111E No. 4 Weapon Bay Position 4

Mach =0.95 Altitude =2000 Feet
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0.2 0.4 0.6 0.8 1.0
Time -Seconds

Flight Test Data - Ripple
.. Wind Tunnel Data

-40

-80

Cf~'-120

-4J

> -160

-200

4)a 20r
0.2 /0.4 /0.6 \ 0.8 1.0

Time -Seconds

-20

Figure 36. Ripple Release of M117M6 from Bay Position 4 at 0.95 Mach
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Ml 17M6
Flight Test Data

27 Feb 1973 P-111E No. 4 Weapon Ray Position 5
Mach =0.95 Altitude =2000 Feet
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"GROUND SEQUENCE PICTURES

AIRCRAFT F-111E NO. 4 RELEASE CONDITIONS
Fifth Drop - 27 February 1973 Mach- .95
Ripple Release of Five -100 ms. 2000 Feet

11

4ii
3~6 -

Figure 38. Ground Sequence of Ripple of Five M117M6 at 0.95 Mach
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MI 1 7M6
Flight Test Data

28 Feb 1973 F-111E No. 4 Weapon Bay Position 4
Mach =0.60 Altitude 2000 Feet
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Figure 39. Single Release of M117M6 from Bay Position 4 at 0.6 Mach
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M17M6
Flight Test Data

28 Feb 1973 F-I11E No. 4 Weapon Bay Position 5
Mach= 0.60 Altitude = 20,000 Feet
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Figure 40. Single Release of M117M6 from Bay Position 5 at 0.6 Mach
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WI NG, 'Tl.P SEQUVENCE I'ICTURES

AIRCRAFT F-11IE NO. 4 RELEASE CONDITIONS

Sixth Drop - 28 February 1973 Mach - .60
Single Release Position 4 2000 FeeL

36

Figure 41. Wing Tip Sequence of M117M6 from Bay Position 4 at 0.6 Mach
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Figure 42. Wing Tip Sequence of Ripple of Five M117M6 at 0.96 Mach 1
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pass at about 0.57 Mach and 2000 feet altitude. Post-flight inspection re-
vealed that an improperly installed aircraft hydraulic line on the aft weapon
bay bulkhead broke due to the turbulent air flow in the bay on the first
three weapon drops. This broken hydraulic line caused loss of the hydraulic
system which supplies power for the weapon bay door opening and closing
operation.

Separation data on these weapon drops could not be obtained. The chase
plane was too far away and the film quality not adequate to analyze. Figure
43 shows selected sequence photographs from the chase plane for the first
weapon dropped. Thiis figure shows that the weapon separates cleanly from
the aircraft and it also shows that the bluff bomb trails behind the air-
craft very quickly at this flight condition.

Mission 12

This drop was a ripple drop at 1.2 Mach and 2000 feet with 100 milliseconds
between weapons. The mission was conducted on 10 April 1973. A review of
the film from this drop indicated that all weapons separated satisfactorily.
Onboard film data were obtn'ned from weapons dropped from weapon bay posi-
tions 1, 2 and 3 only (Figures 44, 45 and 46). Figure 47 shows weapon
separation sequence pictures from a ground camera. Figure 48 shows selectee
sequence photographs from the onboard cameras. This camera is forward of the
bay and is looking aft. These photographs show how cleanly the weapon sep-
arates from the aircraft at the high speed condition.

Mission 13

Single drops were planned for all five positions at 1.6 Mach and 22,000 feet
altitude. This mission was conducted on 30 July 1973. The first weapon
was released from the number 2 position due to an incorrect set-up of the
release system in the cockpit where the number 1 position vas skipped from
the release sequence. On successive passes, weapons were released from
positions 3, 4 and 5. The released weapons from positions 3 and 4 had ex-
cessive vapor around the bodies during separation and thus no data were
obtainable from the film of these drops.

The separation data from the weapons released from positions 2 and 5 are
shown in Figure 49 and 50. In Figure 49 all data correlated well with wind
tunnel data values of the same conditions. However, in Figure 50 the pitch
and yaw angles for position S were fairly representative but flight test
data did not agree with wind tunnel data as well as position 2 agreement.
The reason was that the data was only 0.15 second in duration, which is too
short a period of time to obtain good correlation. Figure 51 shows sequence
pictures of the position 5 release from on-board motion picture film.
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M4117146
Comarison of Flight Test Data

To Wind Tunnel Data
10 April 1973 F-111E No. 4 Weapon Bay Position 1

Mach m1.20 Altitude 2000 Feet
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Figure 44. Ripple Release of M117M6 from Bay Position 1 at 1.2 Mach 0



Comparison of Flight Test Data
To WInd Turnnel Data

10 April 1973 F-111E No. 4 Weapon Bay Position 2
Mach u1.20 Altitude =2000 Feet
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Figure 45. Ripple Release of M117M6 fro~i Bay Position 2 at 1.2 Mach
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Comparison of Flight Test Data
To Wind Tunnel DataA

10 April 1973 F.-111E No. 4 Weapon Bay Position 3
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Wintioro- 101973RELEASE CONDITIONS
April Mach 12

:-Rpplo"e $..ae of Five 4100 M.2000 Feet

I0

0 0I

009

*Figure 47. Ground Sequence of Ripple of Five M117M6 at 1.2 Machj
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FORWARD-BOTTOM SEQUENCE PICTURES

AIRCRAFT F-111.E NO. 4 RELEASE CONDITIONS
Ninth Drop -10 April 1973 Mach =1. 20
Ripple Release of Five -100 mns. 2000 Feet

..

N

41,

Figure 48. Onboard Sequence of Ripple of Five M117M6 at 1.2 Mach
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X1 1 7H6
CQzparison Of Flight Test Data

To Wind Tunnel Data
30 July 1973 P-111E No. 4 Weapon Bay Position 2

Mach 1.60 Altitude 22,000 Peet
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Figure 49. Single Release of M117M6 from Bay Posjijof 2 at 1.6 Mach
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MI 17146
Compaiison of F1l~ght Test Dat&

To Wind Tun~nel Data
30 July 1973 F-111E No. 4 Weapon Bay Position 5
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Figure 50. Single Release of M117M6 from Bay Position 5 at 1.6 Mach
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FORWARD BOTTOM SEQUENCE PICTURES

AIRCRAFT F-111E NO. 4 4ELEASE CONDITIONS
Tenth Drop - 30 July 1973 Mach - 1.6

Single Release -Position 5 22,000 Feet

""'4,7-

Figure 51. Onboard Sequence of M117M6 from Bay Position 5 at 1.6 Mach
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Mission 14

Single drops were planned for all five weapons at a condition of Mach 1.80
and 26,000 feet altitude. This mission was conducted on 1 August 1973. As
on the previous test, the weapon from number 2 position was released first
since the number 1 position i'eapon was skipped due to an incorrect set-up
in the F-lll cockpit. Tabulated data were obtained from t'e film of the
weapons released from position 2, 3 and 4, but vapor obscured the markings
of the weapon at number 5 position, Therefore, only plotted data from the
three drops are found in Figures 52, 53 and 54.

The separation data from the weapon released from position 2 agreed well with
wind tunnel data of the same conditions as is shown in Figure 52. The pitch
angle was displaced somewhat in time, but was of the same relative magnitude.

On the second release from position 3 the flight test data shown in Figure
53 again agreed fairly well with wind tunnel data, although the pitch angle
was somewhat lower in magnitude. The yaw angle was of greater magnitude
than the wind tunnel data for the same condition.

The third drop from position 4 shown in Figure 54 was similar to the second
drop. Pitch angle was similar, but the maximum value was lower, and the yaw
angle was greater in magnitude than the wind tunnel data for the same con-
dition. The effect on separation of the presence of the position 1 weapon
is not known; however, there is probably some effect on pitch and yaw. The
overall relative comparison between flight test data and wind tunnel data
was quite good. Figure 55 shows sequence pictures from the on-board motion
picture camera from the left wing tip of the position 2 weapon separation.

Mission 15

A ripple release was planned for Mach 1.60 at 19,000 feet altitude at 100-
millisecond intervals and was successfully accomplished on 22 August 1973.
Tabulated data could not be reduced from this drop, although the motion
picture film from the drop showed satisfactory weapon separation. The se-
quence pictures of Figure 56 from on-board motion picture camera film
indicate the satisfactory separation of the five weapons at 100-millisecond
intervals.

IMission 16

On 29 August 1973 a ripple release of five M117M6 weapons with live fuzes
was made at Mach 0.9 and 2000 feet AGL. The test was successful. The
weapons were recovered after the test and it was determined the fuzes oper-
ated correctly with some set to fire and some safe. No tabulated data were
obtained. The ground sequence pictures of Figure 57 show the separation
of the five weapons. A
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"Comparison of Flight Test Data
To Wind Tunnel Data

1 August 1973 F-111E No. 4 Weapc.n Bay Position 2
Mach= 1.80 Altitude = 26,000 Feet
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"Figure 52. Single Release of Ml17M6 from Bay Position 2 at 1.9 Mach
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MI17M6
Comparison of Flight Test Data

To Wind Tunnel Data
I August 1973 F-111E No. 4 Weapon Bay Position 3
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Figure 53. Single Release of M117M6 from Bay Position 3 at 1.8 Mach
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C;omparison of flight Test Data

To Wind Tunnel Data

1 August 1973 F-UIIE No. 4 Weapon Bay 
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LEFT WING TIP SeQUENCE PICTURES

AIRCRAFT F-111E NO. 4 RELEASE CONDITIONS
Eleventh Drop - 1 August 1973 Mach - 1.8
Single Release - Position 2 26,000 Feet

14 %

-i

Figure 55. Onboard Sequence of M117M6 from Bay Position 2 at 1.8 Mach J
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FORWARD BOTTOM SEQUENCE P'ICTURE~S

AIRCRAFT F-111E No. 4 RELEASE CONDITIONS
Twelfth Drop - 22 August 1973 Machi 1.6
Ripple Release of Five-10O MS 19,000 Feet

A.l

Ilk-
... .......

Figure 56. Onboard Sequence of Ripple of Five M117M6 at 1.6 Mach
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GROUND SEUECE _1ZCTURES 
.

:AIRRAFTF-11E N. 4RE LEASE CONDITIONS

Thirteenth Drop -2 uut17 00Fe
Ripple Release of Five-lOO MS200Fe

Test of "Live" Fuses
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V,1

744j
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Figure 57. Ground Sequence of Ripple of Five M117M6 at 0.9 Mach
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Mission 17

On 30 August 1973, five weapons with live fuzes and live warheads were re-
leased at 100-millisecond ripple mode from 2000 feet AGL and Mach 0.95.
No tabulated data from this weapon separation were received. Figure 18
shows separation of the weapons. The ground film (Figure 59) shows the im-
pact and cloud pattern of the five weapono and shcws that all five weapons
detonated.

Mission 18

On 1 November 1973, a single M117M6 was released from weapon bay position 1
"at Mach 1.88, 720 KCAS and 32,050 feet altitude. The test was made pri-
marily for ballistics data and was satisfactory. No tabulated separation
data were obtained. Figure 60 shows sequence pictures from on-board film
of weapon separation.

Mission 19

* On 2 November 1973, another single ballistics drop was made at Mach 1.955,
740 KCAS at 32,275 feet altitude from weapon bay position 2. The on-board
film showed satisfactory weapon separation as seen in Figure 61 sequence
pictures from the wing tip camera. The weapon markings were not suffic-
iently visible to obtain tabulated weapon separation data.

Mission 20

On 6 November 1973, a singlu ballistics drop was made at Mach 1.93, 750 KCAS
and 31,430 feet altitude from weapon bay position 3. A marginal amount of
tabulated separation data were obtained from wing tip camera film (Figure
62). Sequence pictures from the wing tip motion picture camera are shtown
in Figure 63 indicating satisfactory weapon separation.

Mission 21

On 13 November 1973, a single ballistics drop was made at Mach 1.255 and
5150 feet altitude from weapon bay position 1. No tabulated separation data
were obtained. The sequence pictures from the forward underside on-board
camera film of Figure 64 show satisfactory separation.

Mission 22

On 14 December 1973, a single ballistics drop was made at Mach 1.2S and
5840 feet altitude from weapon bay p-sition 2. No tabulated separation data
were obtained. Figure 65 shows sequence pictures of clean separation of
this weapon from the F-111E weapon bay. As with the previous four weapon
tests, this drop was for ballistic data as well as for separation infor-
mation.
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CHASE SEQUENCE PICTURES

AIRCRAFT F-111E No. 4 RELEASE CONDVIT1ONS
Fourteenth Drop - 30 August 1973 Mach =.95
Ripple Release of Five-1OO MS 2000 Feet
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GROUND SEQUENCE PICTURE'S QF
"LIVE"' WEAPON IMPACT PATTERN

AIRCRAFT F-111E NO. 4 RELEASE CONDITIONS
Fourteenith Drop - 30 August 1973 Mach - .95
Ripple Release at Five-tOO MS 2000 Feet
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MOWARD BOTTOM SEQUENCE PICTURES

AIRCRAFT F-111H No. 4 RELEASE CONDITIONS
Fifteenth Drop - 1 November 1973 Mach - 1.8ýj
Ballistics Release.- Position 1 32,050 Fe'lt

WoUol

41I

2"7

Figure 60. Onboard Sequence of M117M6 from Bay Position 1 at 1.88 Mach
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RIGHT WING TIP SEQUENCE PICTURES

AIRCRAFT F-1IlE NO. 4 RELEASE CONDITIONS
Sixteenth Drop - 2 November 1973 Mach = 1,995
Ballistics Release - Position 2 32,27.5 Feet

3 6.

Figure 61. Onboard Sequence of M117M6 from Bay Position 2 at 1.96 Mach
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Ml 1 7M6
Comparison of Flight Test Data

To Wind Tunnel Data.
6 November 1973 F-111E No. 4 Weapon Bay Position 3

Mach 1.93 Altitude 31,430 Feet
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Figure 62. Single Release of !l17M6 from Bay Position 3 at 1.93 Mach •



RIGHT WING TIP SEQUENCE PICTURES

AIRCRAFT F-i11E NO. 4 RELEASE CONDITIONS
Seventeenth Drop - 6 November 1973 Mach - 1.93
Ballistics Release - Position 3 31,430 Feet

FSeoi

3

Figure 63. Onboard Sequence of M117M6 from Bay Position 3 et 1.93 Mach
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FORWARD BOTTOM SEQUENCE PICTURES

AIRCRAFT F-lllE NO. 4 RELEASE CONDITIONISR
Eighteenth Drop - 13 November 1973 Mach - 1.2W5
Ballistics Release - Position 1 5150 Feet

SI

,I!

4--4

44

Figure 64. Onboard Sequence of M117M6 from Bay Position 1 at 1.26 Mach
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FORWARD BOTTOM SEQUENCE PICTURES

AIRCRAFT F-l11E NO. 4 RELEASE CONDITIONS
Nineteenth Drop - 14 December 1973 Mach = 1.25
Ballistics Release - Position 2 5840 Feet
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Figure 65. Onboard Sequence of Nil11_Mb1 from Bay F'os t on at } ?' .=c•



The flight test data show several characteristics of the bluff bombs.
The separation characteristics are excellent throughout the Mach range test-
ed. Most bombs separated with small (about 10 to 20 degrees) initial nose
down pitch displacement. Wind tunnel separation data correlate very well
with flight test data in vertical, horizontal, and pitch displacement and
to a lesser extent in yaw displacement. Separations were generally unaf-
fected by release mode, sequence, or position in the bay. Even though the
weapons are loaded in the bay close to each other and the aircraft wa.is,
there was no known incident of their hitting the aircraft or each other
(not including the BLU-58/B incident discussed earlier). The stores do
trail aft of the aircraft more quickly with increasing airspeed. The bene-
fits of the low lift characteristics are evident during several high speed
releases where the initial pitch displacement of the bomb was nose up but
the bomb did not show any floating or flying tendencies. Even though the
bombs are stable, they were occasionally observed to oscillate all the way
to the ground. Also, several were observed to initiate oscillating during
flight. These phenomena suggest the dynamic stability of the M117M6 is less
than desired.

Of the total of 76 inert bombs released, 44 were recovered after im-
pact. Of these, only one was found to be split open, only a few exhibited
bulging, but many were missing the nose and/or tail caps. All live fuzes
and live bombs dropped functioned as intended.

4. Weapon Drag Analysis

Due to contract phasing, a preliminary weapon drag analysis, based
upon the first 21 M117M6 weapon drops at release speeds of 0.58 Mach to 1.20 ,
Mach, was conducted. These constitute the first set of missions shown in
Table 3. Ground camera film was converted to Time Space Position Infor-
mation (TSPI) by ADTC. The TSPI and corresponding weather data we_'e then
used by General Dynamics as reference data to determine the weapon ballistic
drag. All TSPI data indicating end point smoothing or extrapolation were
excluded from the analysis. Only data indicating midpoint smoothing were
used for the ballistic drag analysis. Four to 10 drag data points were used
from each of the 21 TSPI reference weapon drops for a total of 183 drag data
points. Linear and parabolic drag curves were determined from the drag data
points using poly.-mial regression curve fitting techniques. Both curves
generated approximately the same value within the range of the reference
data points-. However, when the curves were projected to -he higher release
Mach numbers, the linear drag curve gave a better representation of the ex-
pected drag curve trend. The linear ballistic drag curve is shown in Figure
66.

The apparent drag variation from bomb to bomb is larger for the
M117M6 than for most free-fall weapons. The RMS error of this drag varia-
tion from the nominal drag curve is 18 percent. This wide drag variation
is attributable to (1) less than desired dynamic stability and (2) weapon
interaction. Review of ground tracking camera film revealed that some of the
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TABLE 3. M117M6 TIME SPACE POSITION INFORMATION

TSPI Drops

Flight Date Available Comments

24 Mar 1971 2 Single releases

25 Mar 1971 3 Single releases

2 Jun 1972 5 100 ms ripple release

27 Feb 1973 5 100 ms ripple release

28 Feb 1973 2 Single releases32 Mar 1973 5 SOms ripple release

5 Apr 1973 4 Single releases

10 Apr 1973 S 100 ms ripple release

I Nov 1973 1 Single release

2 Nov 1973 1 Single release I
S 6 Nov 1973 1 Single release

13 Nov 1973 1 Single release

14 Dec 1973 1 Single release .

TOTAL 36
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weapons oscillated. Also, the oscillations would apparently increase as
the weapon would deaccelerate through 0.78 and 0.66 Mach numbers. Individual

weapon drag data for two of the four ripple release flights indicated a
strong trend for the weapon drag to vary as a function of weapon release
sequence. The first weapon released would have approximately 30 percent
more drag than the last weapon released. This trend was present for the
entire weapon trajectory.

The validity of the linear ballistic drag curve was determined by using
the curve to compute the weapon trajectory based on TSPI weapon conditions
approximately 2 seconds after actual weapon release. Picking up the weapon
trajectory 2 seconds after release will avoid any perturbations in the
initial part of the trajectory due to release timing and/or interaction
between aircraft flow fiel'. and weapon (ballistic separation effects). Table
4 shows the bomb range comparison between the actual TSPI range and the
computer predicted range using the derived ballistic drag curve. Of the
first 31 weapon drops, only 27 trajectory comparisons are shown due to the
short tracking time of the TSPI data for four weapon drops. This trajectorycomparison yielded an RMS error of 58 feet.

The first weapon drop on 25 March 1971, the second weapon drop on
28 February 1973, and the third weapon drop on 22 March 1973 had excessive
trajectory range error; therefore, these three weapon drops were excludedfrom all analysis.

The weapon ballistic drag data (1107 data points) were later analyzed
for the five additional weapon drops. The two weapons dropped at 5000 feet
altitude followed the linear drag curve previously developed. The threeweapons dropped at altitudes above 30,000 feet indicated a weapon drag sub-

stantially below the weapon drag of the low altitude weapon drops. A com-
promise drag curve was obtained combining the old drag curve with the three

weapons dropped above 30,000 feet altitude. To retain the integrity of the
analysis of the subsonic weapon drops, the new drag curve is the same as the
old drag curve up to 0.96 Mach. At 0.96 Mach, the new drag curve becomes a
constant value to represent the weapon drag trend of the high altitude
supersonic weapon drops. The new drag curve is shown in Figure 67. Bomb
to bomb drag variation was again noted as discussed previously.

The TSPI drag data for the three high altitude supersonic weapon drops
indicated a relatively smooth trend in the supersonic region. As the weapon
traversed the transonic region, a small increase in weapon drag was observed
and the weapon drag became slightly erratic.

5. Weapon Ballistic Separation Effects

It is desirable to try to match the flight test TSPI data to the

ballistic data generated using the derived drag curve (Figure 67) and the
free stream store ejection velocity (12 feet per second) to account for the
effects of the aircraft flow field and initial bomb perturbations on total
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TABLE 4. M117M6 BASIC BALLISTICS CHECK

Weapon TSPI Range Computed Range Difference
Flight Date No. (Feet) (Feet) (Feet)

24 Mar 1971 1 5746 .5695 +51 A
2 6141 6077 +64

25 Mar 1971 1 7814 8261 -447*
2 8521 8437 +84
3 8616 8513 +103

2 Jun 1972 1** ...... -

3 907 912 -5
4 2022 2036 -14
5 5064 5060 +4

27 Feb 1973 1 J.235 1220 +15

2 932 924 +8
3 4778 4772 +6
4 3640 3538 +102
5 3328 3267 +61

28 Feb 1973 1 4350 4236 +114
2 14336 12782 +1584*

22 Mar 1973 1"* ......
2 3696 3691 +5
3 5627 5886 -259*
4 2914 3046 -132
5 1478 1507 -29

5 Apr 1973 1 5343 5413 -70
2 5148 5165 -17
3 5908 5875 +33
4 3774 3744 +30

10 Apr 1973 1** ......
2 788 797 -9
3 5651 5705 -54
4 1645 1633 +12
5 759 756 +3

N (Number of data points) 24
X (Bias) +15
RMS 58

Excessive error, not representative of majority of data,
not used in analysis

i:"*Trajectory too short to be used in basic ballistics check
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downrange travel. Initial separation velocities (separation effects along

and r-rpendicular to the flight path must be assumed to be acting in addition
to weapon drag and ejection velocity). The differences between TSPI data and
ballistic data generated using drag and ejection velocity were computed and
used to determine the separation effects needed to make the two the same.
The desired velocity adjustments are shown in Table 5.

The TSPI data yielded 36 weapon releases but of those only 31 are con-
sidered valid. The first release on 25 March 1971, the second release on
28 February 1973, the third release on 22 March 1973, and the releases made
on 1 November 1973 and 14 December 1973 were all considered to exhibit tra-f

jectory range error. Therefore, these five drops were excluded front these
analyses.

Table 5 values for velocity adjustments along and perpendicular to the
flight path were used to determine the character of the separation effects.
Using curve fitting techniques, acceptable data fits were obtained with
the curves shown in Figures 68 and 69. The vertical velocity adjustment was
found to correlate well with dynamic pressure and the longitudinal velocity
adjustment was found to correlate well with Mach Number.

The improvement in bomb range due to application of the separation
effects was verified by recomputing the predicted bomb range using the weapon
release conditions as modified by the values calculated from the ballistic
separation effects curves. The results of the computer predicted bomb ranges
improved from an RMS error of 366 feet without separation effects to an RMS

error of 150 feet with separation effects. The results are shown in Table 6.

The ovp.rall RMS bomb range error of 150 feet is larger than most free-
fall weapons; however, for low altitude bombing (200 to 500 feet) with short
times-of-fall of 2.5 to 6.0 seconds, the weapon dispersion is decreased to
an acceptable value. Out of the 36 weapon drops in this analysis, eight
weapons had valid TSPI tracking times within the range of 2.5 to 6 seconds.
An analysis of these eight drops yielded a reduction of the RMS weapon dis-
persion value to 67 feet. This value compares favorably to the weapon
dispersion value of 76 feet for the M117 retarded weapon. The results of
the M117M6 low altitude weapon drop analysis are summarized in Table 7.
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TABLE S. DESIRED VALUE'S FOR N1117M6 BALLISTICS

SEPARATION EFFECTS

Velocity Adjustment
Velocity Adjustment 0 Perpendicular to

l a Weapon Mach Along Flight Vector (bynamic Pressure) Flight Vector*
Flight Late No. No. Ft/See Lb S/ Ft" Ft/Sec.

24 Mar 1971 1 0.81 29.7 892 4.4 1
2 0.80 55.5 879 15,5

25 Mar :1971 1 0.90 -103.9"* 1037 -0.9* "
2 0.89 40.8 1009 22.1
3 0.889 60.1 1004 18.5

2 Jun 1972 1 0.,0 (,9 882 13.1
2 0.80 13.6 883 13.7
3 0.80 ^8.9 884 12.9
4 0.80 .3.1 885 16.6
5 0.80 34.5 88(, 14.4

27 Feb 1973 1 0.95 -8.5 1234 7.8
2 0.95 -7.8 1234 10.8s
3 0.95 31.9 1234 9.44 0.95 99 ... 2 1233•. 13.3 .

5 0.95 60.8 1233 7.0

28 Feb 1973 1 0.60 58.9 507 16.7
2 0,61 173,I** 249 124.0"*

22 Mar 1973 1 0.96 -10.4 1255 20.7
"2 0.96 43.1 1255 6.9
3 0.96 -77.0** 1255 -I.8**

4 0.96 -42.5 1255 15.4
5 0.96 49,2 1256 11.0

5 Apr 1973 1 1.14 3.4 1815 14.0
2 1.15 -1 .6 1830 14.1
3 1.15 27.6 1801 13.9S4 .58 27.1 462 13.4 ;

10 Apr 1973 1 1.20 -96.9 1970 15.52 1.20 -48.6 1968 15.5"
3 1.20 -84.4 19(18 15.. 5

4 1.20 1.7 1967 15,5
5 1.20 -19,4 1966 15.4

I Nov 1973 1 1.86 8,4** 1380 11.9
2 Nov 1973 1 1.93 132.2 1482 12.2

6 Nov 1973 1 1.92 121.3 1538 12.4

13 Nov 1973 1 1.27 11.7 1963 15.4

14 Dec 1973 1 1.26 -98.7** 1868 14,5

*This is in addition to a free.stream ejection velocity of 12 ft/sec.

"*Determined to be non-representative, not used in analysis.
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TABLE 6. Ml117I6 BOMB RANGE PIURDICTIONS WITH AND
WTITHOUT SP.ARATION EFFECTS

I 1 Predicted Without Predicted With
Separat ion Difference Separation Di ffer'ence

Weapon TF1  Range lEffects - Range (TSPI-w/o S.t-,) Effects - Range (TSPI-w/S.EI,)
Flight Date No. Sec, Feet Feet Feet Feet Feet

24 Mar 1971 1 10.0 o6633 ('545 88 (IS11 122
2 10.6 7022 0945 77 6922 100

25 Mar 1971 1 16,0 8756 9328 -572* 9286 -530*
2 16.0 9453 9412 41 9382 71
3 16.0 9552 9407 145 9373 179

2 Jun 1972 1 1.4 1197 11441 -2,14 1228 -31
2 1.8 1511 176t -255 1558 -47
3 3.2 2585 2755 -170 2598 -13
4 4.8 3710 3858 -148 376w9 -59
S 10.4 0743 o757 -14 o887 -144

27 Feb 1973 1 3.8 3297 3468 -171 3269 28
2 3.4 2986 3213 -227 3011 -25
3 10.8 7637 7615 22 7505 132
4 (,.8 5598 54,45 is', 5293 i05

5 6.4 5277 5175 102 5015 262

28 Feb 1973 1 10.0 5683 5530 153 5761 -78
2 41.4 155,4 13814 1740* 14743 811*

22 Mar 1973 1 2.2 2072 2561 -489 2312
2 7.0 5646 5605 41 5435 211
3 11.4 7565 7895 -330* 777t, -2116
4 6.2 48,14 5263 -419 5087 -243
5 3.8 3451 3550 -99 i326 125

5 Apr 1973 1 9.,1 75418 7725 -177 7529 19

2 9.4 7362 7605 -243 7403 -41
3 10.8 8116 8178 -62 7994 122

9.7 4,987 49,7 20 5245 -258
1) Apr 1973 1 1.7 1812 2224, -412 1972 -160

2 3.0 3022 3,109 -387 3135 -113
3 10.3 7631 8164 -533 7970 -339
4 3.6 3680 3949 -269 367S 5
S 2.8 2989 3310 -321 3034 -45

1 Nov 1973 1 02.4 31580 31589 .9" 32466 -886*

2 Nov 1973 1 60.6 33878 32688 1190 33849 29

6 Nov 1973 1 62.0 32981 31937 1044 32922 59

13 Nov 1973 1 20.2 13255 13340 -85 13195 60

14 Dec 1973 1 21.2 12559 13190 -631* i3067 -508*

N (Number of data points) 31 31
X (Bias) -53 0
RNS 366 150

*Determined to be non-representative; not used in analysis.
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TABLE 7. Ml17W) LOW AL'•ITlJDE WEAPON DROPS

Time-of-Fal 1 Range Error
Flight Date Weapon No. Seconds Feet -

2 Jun 1972 3 3.2 -13

4 4.8 -59

27 Feb 1973 1 3.8 28 j
2 3.4 -25

22 Mar 1973 5 3.8 125

10 Apr 1973 2 3.0 -113

4 3.6 __ ___

S 2.8 -45

N (Number of data points) 8
X (Bias) -12-

RMIS 67 j

91 j
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SI:CI' ION I I I
A

CONCLUSIONS

1. This flight test program demonstrated safe subsonic and supersonic
weapon separation characteristics for the bluff bomb configuration %1117\16
from the F-111 weapon bay. Tlie flight testing was accomplished at super-
sonic speeds to Mach 1.96 and 32,000 feet altitude. Clean weapon separation
was demonstrated for single and ripple drops at all speeds tested.

2. Ground tracking camera film revealed that some of the weapons oscillated
during their trajectory. This indicates that the dynamic stability for the
Ml1716 weapon configuration was lower than dcsired.

3. Review of the data indicated wide variations in weapon drag due to
apparent weapon oscillations.

4. A possible trend indicating that weapon drag may vary as a function of
release sequence in a ripple release has been noted when comparing the
apparent weapon drag for each weapon in the ripple release sequence.

S. The overall weapon dispersion is greater than was desired or expected.
1his may be due in part to the dynamic stability and drag problems of the
weapon. For low altitude releases, weapon dispersion is in the range of
inventory retarded weapons and may be acceptable.

6. The high altitude supersonic weapon drops indicate a relatively smooth
weapon drag trend in the supersonic region. As the weapon traversed the
transonic region, a small increase in weapon drag was observed and the
weapon drag became slightly erratic.

7. The weapon drops above 30,000 feet indicated a weapon drag substantially
below the weapon drag indicated by the low altitude weapon drops.

8. The modification kit to the M117 provides a means of obtaining a bluff
bomb using present munitions in inventory and saving time and money over
developing a totally new bomb.
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ABSTRACT

Th, e structural adequacy of the N1117 bluff shaped bomb conversion has

been verified by analysis. Inertia and airloads for ejection and free fall
have been investigated. Ultimate stress levels are well below allowable

" : " limits.
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SECTION I

INTRODUCTION

High density munitions are desirable for internal carriage and high
speed bomb drops. In order to use existing munitions, a kit has been de-
signed to convert M117 bombs to a high density bluff shaped configuration.

The purpose of this report is to present the design loads and the
stress analysis for the cast aluminum bluff shaped conversion kit.

SECTION II

M117 BLUFF SHAPED CONFIGURATION

The bomb weighs approximately 834 pounds with the cg about 8.2 inches

aft of the forward 14-inch suspension lug. Figure A-1 shows the weight
distribution and overall dimensions of the M117 bluff shape.

tail:The kit consists of a cast aluminum nose and a tail assembly. The
tail assembly is a one piece aluminum casting with a seal riveted to the
forward-flange. The nose and tail are attached to the bomb case with the
forward and aft closure plugs as shown in Figure A-2.

10I
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16.38 4182
'Dia

-7 . .

8.92---

51.70 -__ _ _ _ _ _ _

Note: All Dimensions
In Inches'

!.A.iq I "

WEIGHT D ISTRIBUTION

Nose Assembly 37 Poundsj

M117 Bomb 769 Pounds

Tail Assembly 21 Pounds

Fuzes 7.5 Pounds

834.5 Pounds

CG =21.6 Inches

Figure A-1. M117M Bluff Shaped Dimensions and Weight Distribution
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SECTION III

DESIGN LOADS AND CRITERIA

3.1 Introduction

The purpose of this section is to present the design loads on the
N11M7 bluff shaped weapons and the rationale employed in their computations.
The scope of the analysis has been to determine loads acting on the weapon.
ejector area and loads for design of the conversion kit hardware.

3.2 Criteria

Design loads are based on the release and jettison flight envelope and
aircraft position, rate and acceleration parameter values presented in
Figure A-3.

3.3 Design Loads

3.3.1 Ejection Force

Release or jettison from the MAU-12 rack is obtained by firing
a combination of one ARD-863-1 and one ARD-446-1 cartridge. The ejection
forces acting on the ejector area of the M117 bluff shaped weapons are
presented in Table A-I. The peak force at 70'F is based on a peak-to-mean
ratio derived from test results (Reference 1). The peak force at 160OF
includes effects of variation in cartridge charge and elevated temperature.
The charge variation is based on a standard deviation of 0.06, with a dis-
persion of plus three standard deviation from the mean used for calculation
of forces. Effects of elevated temperatures were derived from a statisti-
cal analysis of results from tests conducted with ARD 446-1 cartridges
(Reference 2). Based on this analysis, a factor of 1.1 was determined
which, when combined with the charge variation factor of 1.18, is estimated
to provide coverage of approximately three standard deviatioi1 s about the
mean for ejection foot forces at elevated temperatures up to 160 0 F. There-
fore, a factor of 1.3 (i.e., 1.18 x 1.1) was used to calculate peak ejector

References:

1. Smith, P. D., and Young, M. A., Qualification and Performance Report of
the MAUJ-12A/A and MAU-12 B/A Rack, WL TR 64-177, 1965.

2. ARD-446-1 Cartridge, Olin Mathieson Chemical Corporation, 1960.
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The weapon can be released within the following:

Normal acceleration = +O.S to +4.Og
Pitch angle : -20 to +45 degrees
Roll angle = +S degrees
Roll rate : zero

Figure A-3. M117 Bluff Shaped Weapon Release and Jettison Envelope

SO.S

0.4

0.3

0.2

S0

00 0.4 0.8 1.2 1.6 2.0 2.4

Mach Number

Figure A-4. M117 Bluff Shaped Weapon Base Drag
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forces based on combined effects of charge variation and elevated tempera-

"tures.

3.3.2 Inertia Loads

The maximum inertia loads occur during release or jettison

when the weapon xs subjected to forces imposed by the ejectors. Table A-2

contains the necessary input into the following equations from which inertia

forces can be computed.

Pitching Acceleration:

cg = - T L + MCg

Inertia Load Factor:

+z=•g/ (FS FS Tt

ntta -n icgA/ g/Poa

cgstore -nzcgA/P cgstore F cgA/P) + Tta

g GWstore

Sign Convention:

+ Linear acceleration is upward

+ Angular acceleration is nose up

+ Load (forces) acts upward

+ Moment acts nose up

3.3.3 Free Fall Airloads

It was assumed that the most critical airloads will occur
along the 825 KCAS constant compressible dynamic pressure, q , line (see
Figure A-3). With the weapon at a specified angle of attack, all component
airloads will be constant along this 825 KCAS line with the exception ofthe aft bulkhead of the tail assembly where the base drag varies as a

function of the Mach-altitude combination. Increasing the altitude along
the constant qc line results in a decrease in base drag but an increase in
stagnation temperature. Points 1 and 2 on Figure A-3 were selected for
the tail assembly aft bulkhead design conditions because they represent
maximized base drag and stagnation temperature, respectively. Point 2 was
selected for design of all other component parts in order to provide cover-
age for combined effects of high load/temperature conditions.

Pressure distributions applied on the component parts are not corre-
lated to weapon total forces and moments but are empirically determined

107
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TABLE A-2. iNERTIA LOAD DATA

Parameter Symbol Magnitude

Normal Acceleration nz +0.5 to +4.0g~c gA/P

Pitching Acceleration +cg0/p 4.0 Rad/Sec 2

Pre-Launch Pitching Moment M -30100 In-Lb
for Positive cggA/P

Pre-Launch Pitching Moment M 29500 In-Lb
for Negative C&pl• ~9gA/p

Total Ejector Force = T forward+ Taft T tota See Table A-1

Forward Ejector Force Tf See Table A-1

Length Between Weapon Ejectors L 20 In.

Length Between Weapon cg and
Aft Ejector L1 7.85 In.

Pitching Moment of Inertia I 1 507 In=Lb/Sec'

Gros3 Weight GW 800 Lb

-Fuselage Station of A/P cg FSg 530 In.

Fuselage Station of Store cg (2 Fwd FS 357.0 In. (Fwd)
3 Aft) Cg store 421.0 In. (Aft)
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distribution shapes to provide reasonably conservative coverage of expected A
maximum aerodynamic forces. Manufacturing tolerances can result in an
annular gap between the forward ring of the tail assembly and the warhead
casing. The design provides for a flex'ble seal at this gap; however, air-
loads were calculated assuming a pressure leakage through the seal into the
interior of the tail assembly. This internal pressure was estimated con-
sidering effects of energy loss in the local boundary layer at the opening.

Three cases were chosen for evaluation of design airloads. These
three cases position the weapon in four different angles of attack as shown
in the following case descriptions. The q. values and stagnation tempera-
tures applicable to these cases are summarized in Table A-3. Base drag
coefficient, CObas , is presented in Figure A-4 as a function of Mach Number.
All pressures (surface loads) are increased by a factor of 1.5 to generate
ultimate design pressures.

1
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CASE I: ANGLE 01' ATTACK 0*

Ring and Tail Assembly Base Pressure Distribution:

Uniform Pressure on Frontal Ellipsoidal with

Area: AP =q c APmax =1.5( Dbse)

v[

00 max)ma

Nose Pressure Distribution:;alAsml nfr

Ellipsoidal with Internal Pressure:

iliax q, See Table A-3



CASE 2: AINGLY OF ATTACK 900

rail Assembly Unniform
Internal Pressure. Section A-A
See Table A-3

-- / Side Pressure Distribution:

/ Elliptical with APmax c c

theAxi ofSmer

•--" " :• •max]

LP o,

max Typical Section Along
A A the Axis of Syetry

A A
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(ASL 3: ANGLE OF ATTACK =450 or 600

Base Pressure Distribution:
Ellipsoidal with
thiAP 1.5 (C )q

K ax D
~bas

COS -) q cs a

3 ~ 
j

OL- Nos Pcat Surface

z~ 0T all Posnseml Unifr

Where TPble A-3

Presurenoral o teNrfa e at at anyac

d -i

where: dP =cco

.-1 Co a) C d2 1/
AP~i~j)4

where: d

113

-d/2 ; j d/



DISTRIBUTION I

d
1(0,0)

AP =0 At All Points

14 Along These Edges

LP q s i 4j ] 1/2 1
d d

At All Points Along

1 This Edge

Pressure normal to the projected area at
any point i, j may be calculated from:I

A P(i~j =i(qc sine) (a 1.4j.)/ 2~

where: 1 = 1 or 12

d =d 1 ord

0 i1

-d/2 <j d/2
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DISTRIBUTION (G)

d d2 1

Representation of Frontal

Area of the Shock Ring
. or Tail Assembly

pressure normal to the surface at any point i,
j may be calculated from:

A P~~j =(q c Cos a) i

d

where: d =d2

j must be on the shaded area
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SECT ION IV -4 ,

STRESS ANALYSIS OF NOSE AND ROUND TAIL

4.1 Discussion

The M117 bluff shaped conversion kit is composed of an aluminum nose
casting and a cast aluminum tail assembly. Details of the k..t are shown
in Figure A-2 and are analyzed on the following pages.

Loads on the nose and tail assemblies are primarily airload. The two
critical load conditions are given in subsection 4.2. Inertia load from
ejection is negligible for the aluminum nose and tail castings.

Parts are cast 356-T6 aluminum. The structural temperature of Case

•:•i:• 2, 406*F, was used for design temperature. 
Material allowables 

at temper- 

'
ature are shown in the detail stress analysis.
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4.2 Applied Loads

CD=0.39, P) 5.4 PSI
Nq 1.5=S 16.07 PSI, qc= 22.8 PSI

3UP 1.5 C q(1.5) aP =14.1 PSI CULT)

A = 1.5% = 34.2 PSI (ULT)

AP =15 P -8.1PS U2U 2 PS (U)

-m* Forward CASE 1 N1 1.25 T =279F

PSI

CAS4 2 NI322 T = 4 .2F ea

LV~ ~ ~ ~ S !1TPSItIL_
117a

CASE~~~4 2 .0O
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4.3 Stress Analysis

Nose Casting

JI

Bomb cg~j(

-- 17.75"1

Material: 356-T6

Aluminum CastingI

Per QQ.-A.-601

Max g Loading

n n +n F F
z - ZCG (FCG FCG ~ total
CGtr A/P A/P A/P ___

g Gstore

T L r - L MeGtotal 1 f CG 1

I
0

n20.9g LIM d 17.75 inchesI
store FSG 421 inches

20 -~~256 Rad/Sec LIMGW =80pud

Cstor store

118I



Nose Casting

n n d
ZCG CG store___

nose store
g

n 20.9 -(-256) (17.75)
ZCG-

nose 386

n =32.7g LIM
ZCG

nose

n 49.05g tILT

Nose Assembly Weight =37.3 pounds

P i -raced n earngon the forward and aft rings. The bearing stress

1.19
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Skins are 0.12 In.-
Round Tail Assembly Except as Noted

Near Skin Not Shown

Casting :for Clarity•;: • 5 Casting

[ -- 17.1 -il: -'3.7

18.20

15.50 0.16 Dia
Dia

05.0 Dia

15.4uI

SaDl

p1/8 AD

Note: All dimensions in inches

The tail assembly is a one piece 356 T6 aluminum casting to
which a seal is attached with 1/8 inch AD rivets. The forward
flange with seal is designed by maximum dynamic pressure.
Maximum pressure on the skins is from a side condition. The
bulkhead is critical for maximum aft airload on the assembly.
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Round Tail Assembly "T

Material: 356-T6 Aluminium Castnig Per QQ-A-601

RT At 4060 F
06 6E = 10.3 x 106 PSI E = (10.3 x 10 )(0.86) = 8.86 x 106 PSI A

F = 30 x 10 PSI Ft (30 x 10)(0.68)(0.75)* = 15,300 PSI

F 25 x 103 PSI F : (25 x 10 )(0.68)(0.75)* = 12,7S0 PSI

0.33 t

Check Cylinder for Buckling

(Reference 4, Page 318, Case 31, External Pressure on a Cylinder)
Peak Pressure = 34.2 PSI ULT
Allowable External Pressure

AP 0.807 Et2 4 - 1 3 t
ALL 1r2/ r

lr py

t = 0.12 inches, 1 = 17.1 inches, r 1 1 inches

(0.807)(8.86 x 106)(0.12)2 r1 , 1
ALL (17.1)(9.1) -0.332 (91)

AP ALL =82.8 PSI

MS = 82.8 1 +1.42
34.2

*Casting Factor (Reference 3, Page 380)

References_:

3. Metallic Materials and Elements for Aerospace Vehicle Structures,
MIL-I-IBK-SA, eiiy 1966.

4. Formulas for Stress and Strain, McGraw-Hill Book Co, 1954.

i
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Round Tail Assembly

Bulkhead

6P AVG = 8.1 + 2/3 (14.1) 17.5 psi (From Case 1)
.t 0 16"

Check as a Cone Under Uniform Pressure

F 15,300 psi 60.30
tu

rAV 2.5 + 9.0
rAVG

S= 5.75 inches 18.0"

fPR______
MAX (Reference 4,Page 269,

t cos a Case 3)

£ - (17.5)(5.75)SfMAX (O.16)(cos 60,30)

II

• Not Critical

i6.5511

Dia \ w1

18.0"1"1

w I
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Round Tail Assembly -

Bulkhead (Continued)

Total Load on Bulkhead

P = Load on Forward Ring + Load on Bulkhead222
P n/4 (18.2 - 15.4) (34.2 psi) + n/4 (1822 5.0")(17.5 psi)

P = 6733 Lb Ult w2

Running Load on 5.0 Inche Diameter w w/
P 6733 4

w I= T (S.0-- 429 Lb/In.

Putting Load in Plane of Web7.4 /\

%4 = 429 x 858 Lb/In.
1 ~~3.7 88L/n

w = 429 x 6.5 754 Lb/In.

Hoop Stress on 0.73-inch Wide Flange 0.73",

I!
w 2R = 754(2.5) 0

b t (0.73)(0.35) 73 ps752 Lb/In.

Fu= 15,300 psi MS =15,300 -1 =+1.07
7380

Tension Stress

f 12 754 2150 psi15,00 si-S--

St 0.35

123I
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Round Tail Assembly

Bulkhead (Coacluded)

Bending Stress Bomb Case

M 429 (2.50 - 2.04)

M = 198 In-Lb/In. -

fb = 6(198) 2' -
t 032 9211804

Closing Plug

fb = 9700 psi 0z.35"

Shear Stress 2.04" 1
Avg

w 429
S t 0.35 2.50" 1

f s =1230 psi

Principal Stresses

F = 15,300 psi

f 1230 psi F 12,750 psi

fb + ft = 11,850 psi

Using Mohr's Circle:

C 11,850 5925 psi
2

Smax J(5925)2 + (1230)2 6060 psi• (11,850,1230)
(o-2o 1 1 •MS- 12,750 +11

6060 -I +1.10

6max =5925 + 6060 = 11,985 psi

MS = 15,300 = +0.28

5925 6060 11,985

124
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Round Tail Assembly

Al 34.2 p~siForward Lip

Assume a one-inch-wide cantilever beam A

AP (r 2 - r11)2

.-1 2 ,0 1.2oR --- 1

234.1)(1.35)3
• max 2 011

Na 31.2 In-Lb/In. .

r1 7.7" r 2 9.10" ,

Check Cylinder with Uniform Radial Moment

(Reference 4, Page 271, Case 11)

= M a e (cos Xx + sin Xx) where X is defined as

4. -3 31-'2 3(1 -.. 0.32 1.23

x -- 0.62 (

2( 23(.2

N IX (31.2) e-("3('2 cos (1.23)(0.62) +sin (1.23)(0.62]

M x = 20.6 ln-Lb/In.

f b = x = 6(20.6)

t (0.12)2

f = 8580 psib

Ftu = 15,300 psi MS - 15,300 1 +0.788580

125
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SECTION V I
STRESS ANALYSIS OF THE FIN TAIL CASTING

5.1 Discussion

A fill tail casting has been designed for the Mll17 bluff shaped conver-
sion kit. Details are shown and analyzed on the following pages.

The fin tail configuration improves lateral stability to the extent I
that the 90* angle of attack condition used for the round tail configuration
becomes an unrealistic design requirement. The fin tail casting is analyzedfor maximum drag and for 60 a maximum angle of attack as shown in subsection

6.2•.

in Section IV, the very conservative assumption was made that the
structural temperatures would be equal to the stagnation temperature. How-
ever, for the fin tailed design, this assumption leads to undue penalties,
and was therefore modified to more realistic considerations,

The bluff shaped bombs are carried in the F-ill weapons bay which is
air conditioned. Maximum temperature is 1600 F. Maximum load and maximum
temperature on the bomb will not occur longer than S seconds after ejection.
This short duration of maximum temperature will not heat the casting appre-
ciably above 160'F, which is selected as the design structural temperature.

The fin tail is cast from 356-T6 aluminum. The material allowables
at 1600 F are shown in the detail stress analysis.

126
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Fin Tail Casting

15.80"1

10.75" /

_____________~fl4.75"1

Material: 356-T6 aluminum casting per QQ-A-601

3 31
Ft 30 x 10 psi @ R.T. Ft (30 x 10 )(0.95)(0.75)* 21,400 psi

(Reference 3, Page 380)

The fin tail assembly is a one piece 356-T6 aluminum casting. The fins and
skins are designed by a 60' side pressure condition. The bulkhead is criti-4
cal for maximum aft airload on the assembly and a 600 side pressure condition,

*cast ing Factor
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F17

5.2 Applied Loads
C 0.39 &P2 =54 psi

14 1.5 S q 16.07 =c 22,8 psi

0 PAP =1.5 C q (1.5) 14.1 psi (Ult)

1AP 1.5 =c 34.2 psi CUlt)

AP 1.5(5.4) =8.1 psi CUlt)

3422

8.160 ps2.8ps

psi=15 Ic 96 s Ut

Peak29. psipi s

1. 171Case 3 m 14 .25 T =160F Pa

128
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4,5.3 Stress Analysis

Fin Tail Casting

A

Fin and Skin Analysis825v Tfl81.281
3.84'' I 3.72"1

09 .7.S55"
I*~O.0" A0.25"1 B 23

Section A-AA

29.6 17.1 psi

2s 66pi2.5Pi

Airload Distribution

Bending at Section A-A

2 2
M (1.28)(7.55) (26.6) _ 2.t;)(7.55) (26.6)

2 6

M =1620 In-Lb_______

6(60f 15,800 psi
bt ~(3.84) (0.40)2

F =21,400 psi
tu F

F =1.25 F 26,700 psi MS = -- 1 =+0.69
bu tu

(Reference 3, Page 424)
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Fin Tail Casting

Fin and Skin Analysis (Concluded)

Bending of Skin at Section B-B I
Conservatively assume that the fin is not attached to the bulkhead and is
attached only to the skin for analysis of the skin.

Assume the total fin load, P, is concentrated
at 1.86 inches from skin to calculate moment, M.

.2 5" 0. ?511

0.401J

Section B-B

P = (1.28)(7.55)(26.6) + (2.56)(7.55)(26.6) + (3.72)(5.95)(20.35)

2

+ (2.3)(3.72) (20.35)

2

P = 1050 Lb

M = 1.86 P (1.86)6(1050) = 1953 In-Lb

6M = 6(1953)

b b 2t2  (5.95) (2) (0.25)2

f = 15,800 psi
b

Fbu
f = 26,700 psi MS =- -1 =+0.69

1bb
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Fin Tail Casting

Bulkhead AnalysisI

-- 10. 75"1 Dia 4

6.86 FMU-81 Fuze

0.3" ~ -4.7511 60' Plug OD 4.36" I

18.2"' Dia

Tot~al Load on Bulkhead (Case 1)

[ . P = w/4 (18.2 2- 10.72 (42pi r/4(82-432) (14.1 psi) (2/3)

2_ 2
T r/4 (10.75 -4.75 )(8.1 psi)

P =8690 LbI

Running Load on 4.48 Inch Diameter

w P = 690 =620 Lb/In

Putting Load in Plane of Web .W

w 620 LZ -1320 Lb/In
1 ~3.64 w

1'
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Fin Tail Casting

Bulkhead Analysis (Concluded) F
* MS = t -1 +0.66

Hoop Stress on 0.60 Wide Flange
h

2 (1170) (2.37)
th b t (0.60)(0.36)

f = 12,900 psi
th

P t 21,400 psi

F = (25,000)(0.9S)(Q.75)* =17,800 psisu 231
(Reference 3, Page 380)

Tension Stress
- 1170 = 3250 psi

ft = 0.36-

t 0.36 1170 Lb/InVBending Stress
MI = (620)(2.24 -2.18)

M 37.2 In-Lb/In Bomb CaseVL6M =6(37.2) 77

b 2  (03)2L b =1720 psi

FIU 81
Shear Stress Fuze Plug

w -6200.6

S t 0.36

f 1720 psi
f

Rt~t =01

F
tu 0.5L2.24"1 w =620 Lb/In

R b = ± 0.08
F
tu1

F 0.10 MSf 2 - +3.00

su ( +b) .R

*Casting Factor
132



AM

5.4 Bomb Fin Divergence Check

If the structural spring rat e
of the fin is greater than the
aerodynamic spring rate, divergence 0.033 Rad

will not occur.
Bending Mom.= 733 In-Lb

Using the loads and moments from '4
the fin stress analysis, the slope 5.28".

of the fin at the tip under load is /
calculated to be 0.037 radius. A-
tangent line at the tip crosses the 1.28"'
zero deflection axis at 5.28 inches 5 n

from the tip. The corresponding 3.0711

bending moment at 5.28 inches is 733
In-Lb.

Therefore, the structural spring
rate is:

733 In-Lb In-Lb
k 0 R = 22,000

0. 033 Rad Rad

The aerodynamic load as a function of angle of attack is

: P =q S CLa

Assume this acts at r = 2.5 inches from the rotation point. Then the aero-

dynamic moment about the rotation point is:

M Pr

and the aerodynamic spring rate is

kA Pr

or .,
kA q S C~c r,.

k La q S C r

133
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for

N 1. 25 @ SL

2 2
q 2300 Lb/Ft =16 Lb/ In

r 2. 5 in4

CL 
2

-1 (.5 5,4/Rad

then
-)Lb .SI 2  n 248 In-Lb

)(r.4IRad)(2.S n 28

InRd

No divergence sin~ce kA < <kS

(2480 < < 22,000)

13I



SECTION VI

BLUFF BOMB KIT MASS CHARACTERISTICS DEMONSTRATION

A sample weighing procedure was established which demonstrated that a
+ S percent weight tolerance on M117M6 modification kits was met. The
results of these weighings are detailed below.

6.1 MII7M Tail Assembly

Sample weighings of the round tail assembly produced values of:

(1) 17.81 pounds

(2) 16.97 pounds

(3) 17.54 pounds

Average Weight: 17.44 Pounds

A 5 percent tolerance would permit a maximum weight of 18.31 pounds
and a minimum weight of 16.57 pounds. The three samples fell within
tolerance.

6.2 lll7M Nose Casting -

Sample weighings of the nose casting produced values of:

(1) 32.59 pounds (5) 32.00 pounds (9) 31.00 pounds

(2) 32.75 pounds (6) 31.00 pounds (10) 31.00 pounds

(3) 33.00 pounds (7) 31.00 pounds (11) 31.00 pounds

(4) 32.00 pounds (8) 31.00 pounds((4) 32.00 pounds (8) 31.00 pounds

Average Weight: 31.67 Pounds

A 5 percent tolerance would permit a maximum weight of 33.25 pounds
and a minimum weight of 30.09 pounds. All eleven samples fell within
tolerance.

135
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6.3 M117M6 Fin Tail

Sample weighings of the fin tail casting produced values of:

(1) 26.00 pounds (4) 27.00 pounds (7) 26.50 pounds

(2) 26.00 pounds (5) 25.50 pounds (8) 26.50 pounds

(3) 26.00 pounds (6) 26.50 pounds (9) 26.00 pounds

Average Weight: 26.22 Pounds

A 5 percent tolerance would permit a maximum weight of 27.53 pounds
and a minimum weight of 24.91 pounds. All nine samples fell within
tolerance.

6.4 M117M6 Kit Total

The average weight for an M117M6 kit is 57.89 pounds. A 5 percent
tolerance would permit a maximum weight of 60.8 pounds and a minimum weight
of 55.0 pounds.

SIf the maximum combination of weights for an MII7M6 kit is taken, a

weight of 60.00 pounds results; if the minimum weights are considered, a
weight of 56.50 pounds results. Both of these weights are within S percent
of an average kit weight of 57.89 pounds. I

Based on the above results, the requirement to maintain a + 5 percent -
tolerance on the bomb modification kits is being met.

13"I
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SECTION VII

SUMMARY AND CONCLUSIONS I
The M117 bluff shaped cast aluminum conversion kit has been checked

for strength and is satisfactory for drops within specified limits of
Section III. The minimum margin of safety is 28 percent on the aft bulkhead
of the round tail casting. The fin tail casting has been checked for
strength and is satisfactory for releases within limits of subsection 4.6.
The minimum margin of safety is +66 percent on the aft bulkhead.

1317 4
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APPENDIX B

STRUCTURAL DESIGN OF AFT WEAPONS BAY RACK

AND SUPPORT STRUCTURE
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A BSTRACT .
The aft weapons bay rack for the F-Ill has been analyzed for steady

state and ejection loads for a rack loading of three 1000-pound bluff
shaped bombs. The rack structure and the fuselage backup structure is
satisfactory for the full F-ill flight and bomb ejection envelope.

IrI

., I

142.

:f 
•-.

L" 2



SECTION I

INTRODUCTION

A bomb rack with a capacity of three 1000-pound bombs has been de-
signed for installation in the aft portion of the F-ill weapons bay. This
rack increases the F-ill weapons bay capacity to five 1000-pound bluff
shaped bombs.

The purpose of this report is to present the design loads and criteria
and the stress analysis for the F-Ill aft weapons bay rack.

SECTION II

AFT WEAPONS BAY RACK CONFIGURATION

The aft weapons bay rack is a steel framework a':commodating three con-
ventional MAU-12 ejector racks. The framework is attached to 'hardpoints
in the F-Ill weapons bay.

The framework consists of fittings and channel section beams machined
from 4130 steel. Longitudinal beams on each side of each MAU-12 rack are
bolted to lateral beams at fuselage stations 392 and 448. The forward
lateral beam is attached to the four existing trapeze fittings at station
392. The aft lateral beam attaches to added fittings on the weapon bay
wall at the station 448 cheek frames.

The aft weapons bay bomb rack is designed for installation in an
F-111A/D/E aircraft. To expedite installation, the design permits all
attachments to be made to the fuselage from outside the fuel tanks.

Figure B-1 shows the aft weapons bay rack installed in an F-111
weapons bay. Figure B-2 shows major rack details. Total weight of the
aft weapons bay rack, including three MAU-12 racks but not including three
bluff stores, is 960 pounds.
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Trapeze Support Fittings Aft Supp1or-t Beam

n- I

-IEýI
4 0.

392.3 420.7 448.0 460 I
Fuslag Stt inOutboard Support 'Support

Fuslane Vtaiew Beam Station 448

IIAU12 ~ac Bluff Shaped BombIA-2Rc
J L 7Figure B-i. Aft Weapons Bay Rack
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Forward Clevis Fitting

Forward Support BeamAtSuprBem P

19.10

M1AU-12 Rack

55.6

View Looking Inboard
Left Hand Side

BL 30 Weapon Bay Roof
Aft Support

Beam

1.602 05 y

20.70 I.SI
Aft Clevis Fitting

View Looking Forwai
at Station 448

Weapon Bay Waii-*j

Figure B-2. Details of Aft Weapons Bay Rack
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SECTION III

"STRUCTURAL DESIGN CRITERIA AND LOADS

3.1 INTRODUCTT(

Pre.>-i-:J •: in chis section are the M117 bluff shaped weapon loads
applicable to .iie design and installation of the aft weapons bay rack.

3.2 CRITERIAI

3.2.1 Flight Envelopes

With bay doors open, the level flight maximum speeds shall be
limited by a straight line connecting 1.2 Mach at sea level to 2.2 Mach at
40,000 feet MSL. Weapons bay doors are considered to be closed at speeds

K above that up to a line connecting 1.37 Mach at sea level to 2.37 Mach at
40,000 feet MSL. Weapons can be released at all wing sweeps at all Mach-
altitude conditions within the release envelope shown in Figure B-3 but
within the basic wing sweep restrictions of the F-ill aircraft.

orcl3.2.2 Flight Load Factors

Limit maneuver load factor envelopes for weapons bay doors open

or closed and during weapon ejection are presented in Figure B-4.

3.3 LOADS VI
3.3.1 Weapon Carriage Maneuvering Flight Loads

The weapon carriage structure design loads presented herein are
based on having weapon bay doors open.

Maneuvers that resulted in maximum weapon inertia loads were chosen
as design points. For symmetric flight, a maneuver that maximized vertical
load factor (nz) at the aircraft center of gravity and one that combined
the effects of high normal load factor and pitching acceleration at the
aircraft center of gravity were chosen. The flight condition commensurate
with maximum adiabatic wall temperature was assumed. Lateral maneuvers
were chosen to cover inertia loads resulting from the effects of (1) maxi-
mum rolling acceleration and (2) maximum positive nz with high rolling
acceleration. With the exception of the aerodynamic drag force, the steady
state airloads calculated as acting on each store were relievir.2 the inertia
load and were of small magnitude; therefore, they were assumed to be zero.
Unsteady airloads are included as dynamic moment increments in pitch and
yaw at the weapon center of gravity. Loads resulting from lateral condi..
tions are presented in Tables B-1 and B-2 and those from symmetric condi-
tions aire shown in Table B-3.

146
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50
40

0)
.30

20

~0

0 0.4 0.8 1.2 1.6 2.0 2.4

Mach Number

The weapon can be released within the following:
*Pitch angle -20 to +45 degrees
*Roll angle = +5 degrees
*Roll rate = zero

Figure B-3. Mll7 Bluff Shaped Weapon Release and Jettison E•nvelope

A - Symmetric Maneuver Load Factor.
B - Asymmetric Maneuver Load Factor
C - Maximum Vertical Load Factor During Weapon Ejection8IA

S 6 B - - - - - - - - -

0C - -

So 2

S0 40_ 5 60_ _0_0_9
' G0oCss Weight - Lb_10

0

". 414

0 40 50 60 70 80 90

Gross Weight - Lbs/1000

Figure B-4. Limit M.aneuver Load Factors
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3.3.2 Store Ejector Loads

Each of the three weapons is suspended on a MAU-12 rack and- I
separation from the aircraft is accomplished by the simultaneous firing
of two ejection cartridges (one ARD-863-1 and one ARD-446-1). The ejection
forces acting on the ejector area of the M117 bluff shaped weapons are
presented in Table B-4. The peak force at 70 ' F is based on a peak-to-mean
ratio derived from test results (Reference 1). The peak force at 1100F
includes effects of variation in cartridge charge in addition to the effects
of elevated temperature. The charge variation is based on a standard de-,
viation of 0.06, with a dispersion of plus 3 standard deviations from/the
mean used for calculation of forces. Effects of elevated temperatures were

F- derived from a statistical analysis of results from tests conducted with
ARD-446-1 cartridges (Reference 2). Based on this analysis a factor of 1.1
was determined which when combined with the charge variationfactor of 1.18
is estimated to provide coverage of approximately 3 stardard deviations
about the mean for ejection foot for'.es at elevated temperatures up to
160°F. Therefore, a factor of 1.3 (i.e., 1.18 x 1.1) "as used to calculate
peak ejector forces based on combined effects of charge variation and ele- I

•> vated temperatures.

I The total net steady state loads acting at the cg of each store, after

L the weapons bay doors are opened but before store ejection, can be deter- 1
mined from the data of Table B-5. These steady state loads are initial
conditions for ejection and are to be used in the following equations for I
the total net loads acting on the racks during ejection;.

For an ejected store station when one, two or three weapons are carried
on the test installation rack:

Vertical: I
I.- F I + MF (T F zFZ1 F FZ1F

F A + MF (TA- F.)

References:

1. Qualification and Performance Report of the MAU-12A/A Rack, AFWL-TR-
64-177, 1965.

2. ARD 446-1 Cartridge, Olin Mathiesor Chemical Corporation, 1960.
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4,_I

Lateral:
Y = Fy + 1.3 (-FYl)

F F F

F = 1.3 (-F Y ) 
,

-A AA

For a non-ejected (adjacent) store station when two or three weapons
are carried on the test installation rack:

Vertical: 
I

F F z + 0.15 (TF - F- )

Z2 = 2 F +05(T Fz )
F 2F F •

FZ2A FZ +0.15 (TA-FI).:

2A A F•

Lateral:

F = F2 + 0.05 (-FYF)

F F 'F

= F + 0.05 (-FYI)
2 Y2 1
A A A .

where:

F-denotes total net force acting on the rack during store ejection

F denotes total net steady state (pre-ejection) force acting on the
ejector rack .1

Z denotes vertical dire' .on (+ = up)

Y denotes lateral direction (+ = right) 
I

I denotes ejected store station

2 denotes non-ejected (adjacent) store station ,

T denotes thruster force (Table B-4)

F subscript denotes forward store/rack attachment point

A subscript denotes aft store/rack attachment point
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NF coefficient denotes dynamic magnification factor having values as
follows:

1.35 for the test installation rack aft lateral beam, its support
attachments, and all connections onto that beam

1.15 for the test installation rack remaining beams and
connections.

The above equations are written in terms of net loads acting on the
test installation rack as a function of the forward and aft thruster and
store-rack interface initial conditions. The transfer of the total net• ..1

steady state (pre-ejection) loads of Table B-5 from the store cg to the
point being analyzed is neceissary to obtain the F forces required for the
above equations. The ejector forces and force distribution percentages
of Table B-4 are to be used to determine TF and TA. Determination of the
net steady state loads and phasing o l he various load components in the
above equations are to be assumed adverse.

A

AN

1 5

* '1

* I•

,15 9 IA,

:••' • ' ! • _: • •• 2 -L %• •L •:;L2•2::•,•. &••; •:;i: /:£/•] •-Z: <%~i' ................ ..... ,...................... • .................. ,II !I ! " \q' :.- 4•



SECTION IV

STRESS ANALYSIS

4.1 DISCUSSION

The aft weapons bay rack for the F-ill is a framework of longitudinal
and lateral beams attached to the roof of the weapons bay. Three MAU-12
ejector racks are bolted to the framework as shown in Figure B-5.

The rack is designed for inertia loads combined with airload and for
ejection loads combined with steady state loads. Loads at the bomb cg from
Section III have been distributed and are shown in Tables B-6 and B-7.
Critical loads for the rack are from ejection combined with airload and
dynamic effects.

This analysis covers the rack details and the existing F-111 structure
which supports the rack. Margins of safety are shown for the beams, the
fittings, and the connecting joints. Analysis of the F-1ll structure at
station 448 is shown. The aircraft hardpoints at station 392 are designed
for weapon bay gun loads and are not critical for rack loads.

All rack parts are machined from 4130 steel. Heat treat and allowables
K are shown with the detail stress analysis of each part. Sample calculations

of reaction influence coefficients generated using unit loads are given in
subsection 4.4.
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,-R 1  - 9  -R 8  p 7

FS39.

IForward
Support

Beam

aui adoutboard Outboard Outboard
OubordSu~pport Supporo. Support

Support Beam Beam Beam
BeamCenter Center

support Support
Beam Beam

Forwardf

Aft
Support
Beamjj

-- 'FS 448I

BLO0.0 6j

Figure B-5. Top View of Bomb Racks Structure Installation
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TABLE B-6. CRITICAL LOADING CONDITIONS

Condition I A - Ejection Loads for Center Bomb with 70 Percent Aft and 30
Percent Forward Distribution.

Condition I B Ejection Loads for Center Bomb with 30 Percent Aft and 70
Percent Forward Distribution.

Condition II A - Ejection Loads for Left Bomb with 70 Percent Aft and .30
Percent Forward Distribution.

Condition II B - Ejection Loads for Left Bomb with 30 Percent Aft and 70
Percent Forward Distribution.

Condition IIIA - Ejection Loads for Right Bomb with 70 Percent Aft and 30
Percent Forward Distribution.

Condition III B - Ejection Loads for Right Bomb with 30 Percent Aft and 70
Percent Forward Distribution.

Condition IV A Pre-ejection Loads for Center Bomb.

Through IV D

Condition V A Pre-ejection Loads for Left Bomb.
Through V D

Condition VI A - Pre-ejection Loads for Right Bomb.

Through VI D

Condition VII A Flight Loads for Three Bombs With Maximum Positive Vertical
Through VII D Load Factor. I
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4.2 Loads Distrilbution

I-light Loads 20 0I

Center or Outboard
Support Beamjtp 22 t.

xX 1000-Pound Bomb

i..ute: Loads at CG of
~, L bomb from Section III

K \'~ieWq looking Inboard on Left Side

Rz= -0.b6 Fx 0.62 F- + 0.05 MI
Z2x

R 0.66 Fx + 0.38 F - 0.05 M
zi y

R =0.50 F
X2

R =0.501K X1 I
R 0.62 F + 0.05 M-

B =0.38 F - 0.05s NI

T IM - 13.2 F
x x Y

Cente-r or Outboard
Support Beam

_______________ ______________________________

R- 19.2

Af -T

Vie Looin Inor onLet idX4 RX4 R Y4R X 1 Y2-R RRyI
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Flight Loads (Continued)

R-. = 0.31 RZI + 0,66 R

R 4 = 0.69 R22 + 0.34 R

R R +R
X4 X2 Xi

Ry3 = 0.31 RY2 + 0.66 R !

RY4 - OAt9 1 Y,2 + 0,34 R -]

Tx3 - 0.44 T'x

T -- 0.5tI O x

For Al 1 Three Bombs AteSupport
Ream

View Looking Forward at Aft Beam i

= 1.5 R-- 0053 T

YS X3X3 \

R-- = 1.5 R-3 - 0.053 TX3
Ry5= 1.5 R- 0

Yx3

R = 1.5 Ry 3

6 0' 6.0'' 12.8'
Forward 1 11 i 3

Support RP.
Beam :41PZ :8 R R:10

R . R . R. X4Y
R R R '-l R IA

T x4 '8 X8 X4y4 :4ý s 4T~ X.

4.42 I I 4.42 1 RX10

Loads Were Distributed by Moment Distribution Method

View Looking Aft at Forward Beam
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HIight Loads (Cont inued)

.0,o88 R 0 20 021
74 X4

h2L) 0.811 R1 4 +R0.021 T,
R" = 0.818 P. +0 0021

10ý Z4 X4

RX7.. 0,o88 7.X4

RX8 0.812 RX4

RX9 0.812 kX4

Rx10  0.o88 k X4

Ry7 0.75 Ry4

Ry 8 0. 75 Ry4

Y9 Yl.
R I-0 =0.7S R Y4

For Center Bomb Onty

S28.111 28.4"1

View Looking Forward at Aft Bem=

RP = ,SR. + 0.018 '

625: X3

"R s O.S RyY3

R'Y6 Y3O.S Ry3
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Flight Loads (Conttinued)

Y4 YI (Moment
R ") Distribution

X4- Method)
16. 4 1. 4"

View Looking Aft at Forward Beam

R.-. = -0.074 R. + 0.00 'r

R 7, = 0.574 R-4 - 0.118 T4U.4 X4

K 0 ,574 I,., + 0.118 T
:9 :4X4

R = -0.074 R, - 0,009 T4'
Z10 :4 X 4

R\7 = -0.074 RX.1F

R = 0.574 RIX.I

R9= 0.57-4 RX~

RX10 = -0.074 R \ -

R 0 . s

Ry 0.2S Ry

Ry 0 R25 R

Ry1,I0 =0.25 R Y4

For Left Bomb Only

Z5 Z .Zo

S9,6 •[•47.2"

View Looking Forward at Aft Beam
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Flight Loads (Continued) -

R =0. 83R +O0.018 T
Z5 Z3 X3

R 0O.17 R 0.O18 T
Z6 Z3 13

R 0.S R
YS Y3

R 0.5 RY6 Y3

\R Rz\7 ý

R~ R.lO 0.00 Tx
Y7 Z]N4Y.

X7 Z8 X94 q v

R =0.010 R 0.0 T

X7 Z4.X

R -0.063 R,4  II.06
Ry8 O.2 RX4

R 9 0.201R Z4 -001TX
R8 0.5YR 006

R =0.301R

X. 9164



FIlight Loads (Concluded)

For Right Bomb Only I

R 1 Z5 Z6 AZR'4 T R6
Y ZS Xý Y

i•~4 7. 2" -1-9.7611

View Looking Forward at Aft Beam

R5= 0.17 R3 0.018TX

R 0.83 R - 0.018 T
Z6 Z3X3

Ry 0.5 Ry

Ry = 0.5 Ry

ZZ 7 R R.X ~ x Beam.

RZ7  Z4 Z89

31 2.8"1." 16.4"(oen

R ~0.52R -068TDistribut ionI
RZ7 Z4 X4

RZ 8 = 0.301 R4 + 0081 T4

=-0.063R4 - 0.016

\Z-9 Z4 X40Y1

Z1 . Z4 X4

R7;0.752 BX Ry =O0.25 Ry

X7 X4Y8 Y9

R8 0.301.R5 4 RZ4 =-0.25 Ry4

RX7 = -0.063 RX4 RY7 = 0.25 R Y4

X9 X4 Y9 Y4

RXI 0 =r.Ol0RX4  RY1 0 = Y.2SRy4
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Ejection Loads

1.1-20.0" 1.1

Aft- -

View Looking Inboard on Left SideI~:~; EJ Ejection Force

R C P

Z2 2 EJ

C + C = 11 2
R =0.31 R +0.66 RZ3 Z2 *Z1

R =0.69 R +0.34 R
Z4 Z2 Zi

For Center Bomb Ejection

RZ6

View Looking Forward at Aft Beam

R =0.5R
Z5 Z3

R 0.5Rz
Z6 Z

itZ 8  Rz4  _______ _{Z 1 0

4-_ _ + 1 + 4-thd

16.4" ~IN 16.4"1
616" (Moment

Distribution
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•I•,Ej ect ion Loads (Continued)

" i~!, Z7 RZ4
i:R =0.574R

i•.:R 0.574 R•: . Z9 RZ4

SFor Left Bomb Ejection

,•iRZ5RZR

9 .611 47.2 " _ 1

Viev, Looking Forward at Aft Beam i

R Z5 =0.83 R Z3 
_i

R6= 0.17 R3 i

S! • RZ4)1

RZ7 RZ8 RZ9 RZI0

-- 16.41" 12. 0" 1 12. 8"

View Looking Aft at Forward Beam (Moment
Distribution

R7= 0.010 RZ Method)

R8 = 0.063 RZ4!

R Z9 :0.301 R Z4 
:

RZI 0.752 RZ !
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Ejection Loads (Concluded)

For Right Bomb Ejection

R

tR Z3 +Z

View Looking Forward at Aft Beam

R 0.17 R

Z7 0.752 RzMehd

R -006 Rz

R 7 0.1 R8zR

3.613
173mej



:4.3 ANALYSIS

4.3.1 Rack Structure

Forward Support Beam

"P/2 P/2•il ________±_

ii II , .71. '

L A _9 L 9 ___•--- ' .!P 16.4 ZT

ZT 10

~ ZT
1.201_•11 20 • i ._11

Tfl~~ .+hi +0.40011

Outboard Support Beam

Center Support Beam Outboard Support Beam

The forward beam supports the forward end of the outboard and center support

oeams and distributes the loads to the forward clevis fittings.

Material 4130 per MIL-S-6758

F =90,000 psi 0 room temperature
tu

F 55,000 psi @ room temperature
su

F = (90,000)(0.97) = 87,300 psi @ 270OF

F = (55,000)(0.98) = 53,900 psi

(Reference 3, page 100, 102, 104)

References

3. Metallic Materials and Elements for Aerospac? Vehicle Structures,
MIL-HDBK-5A, February 1966.
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Forward Support Beam (Continued)

Loading

Condition No. IV C

RZ9  -4914 pounds P

RZ10 = 524 pounds Pzo0

Condition No. I B

RZ9 =8497 pounds T
R9 9

RZ0 1 0 95 pounds T1 0

PZT PZ + 1.15 (T -Pz

PZT = -4914 + 1.15 (8497 + 4914)
9

PZT9 = 10,509 pounds

9
PZT = 524 + 1.15 (-1095 - 524)

10

ZT = -1338 pounds

Section A-A - Critical Section

- 4 "q----0.400"1
Bending

M = 4 .5 PZT + 20.9 PZTI 0  I =431

9 1 4
x

M 19,326 in-lb

____ ____ ____4.0011Mc (19,326)(2.66)
fb 1 4.33

fb 11,872 psi 0.350" .

F ; 87,300 psi @ 270°F .34"
tu

3.001-t 4

Section A-A

MS = 87I300 1 = High11,872
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Forward Support Beam (Continued)

fZTi

T *1.4

*3

Section A-A (Continued)

Torsion

T =P (1.4) =-1338(l.4) =-1870 in-lb1 ZT 0

2 4.(P1. ~Z )(144) 'it (10,509) (1.4) 4190 in-lb
9

T 11*3 )( ) 113T 4.5 +111. 15. (10,509)(1.4) =10,520 in-lb

T 7.00
r t= ab 7,b/t 0 .-38= 18.42, a =0.32 (Reference 4, page 331)

t =0.38 inches average

f = 10,520 82 32,500 psi, F 53,900 psi @ 270OF
st 0.32 x 7 x 0-.38 su

R = St =0.603

st F s Z 10  971lr ~ShearV

it Q 2.66(0.40) (1.33) 1.415 in3

1 4.33 in
References

4. Peery, D. J., Aircraft Structures, McGraw-Hill Book Co., 1950.
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Forward Support Beam,(Concluded)
A 3

Sect ion A-A (Concluded)

f YQ -9171 (1.415) el792ps

s it 4.33(0.40) V

F5  53,900 psi @ 270*F

R = 42 =0.139

s 53,9004 -1 1 +0..15
MS + R 0.603 + 0.139 +03

S st -

Section A-A is the minimum section with upper flange removed. The

remainder of the beam is at lower stress levels.I
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Center
Aft Support Beam OAft Weapon SayRack Support

Beam

rt. It Suppot

Beam IIBeIaII -.

-Aft Clevis Fitting X

I, + + .•IR mr q :

,, t3Z 3  i'l
u-1r + -r4V

S.02 •17.29

27.05

28.4

0.40 A =3.77 in 2

I ý 14.65 in4

Q 3.47 in3

5.0

Section 
X-X

- •-L0.33 L
VMAX i6,800 lb

2.97A

\Q 16,800 x 3.47 12,058 psi Not Critical
s MAX It 14.65 x 0.33
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Aft Support Beam (Continued)

Maximum beam bending will occur when ejecting a bomb from the center

rack while retaining bombs on the outboard racks. Steady state loads
should be maximum down on the ejected bomb and minimum down on the
retained bombs. -:

Ejection Condition IA Rz3  14,044 lb

Steady State Conditions IV B, V B, VI B, R = -3353 lb
Z3

(Maximum Load for Ejected Bomb) RY3 +1772 lb

Steady State Conditions IV C, V C, VI C, RZ3 = -749 lb j
(Minimum Load for Retained Bombs) Ry3 = 1772 lb

TX = 13,794 in-lb •.

Ejected Store

Fz (.35 T-0.35( Fz 1.35(14,044) -0.35(-3353)I
1 o.z
Thu) •Steady

tState) .
= 20,175 lb

F = -0.3 F = -0.3(1772) = -530 lb
• ,

Retained Stores

F z.i T-F0 -749 + 0.15 (14,044 + 3353)
etaine) Ej ected)
Store Store .

=1861 lb :.

=/F\+ .05 =1772 +0.05(-1772) ~
F (Retained) j(ected)

1685 lb I

1-9



?~I-
Aft Support Beam (Concluded)

14 0 b in lb 4K cod "

'U
1420 l,91401 lb i85 lb 53 in lb

~ *9.6 in.-P' 18.8 in 18.8 inl- 9.6i-

11,463 lb 1861 lb2015l181 b 1,44 b

10,573 lb

11,463 1b1 t100,045 in-lb 1902lb1ni

123,8394 / 19,37
in-lb in b

\ /

S~/Oloment )

\ /

/t
1143 b1005inl 04'lb4'

1356inl
in-lb

f c 304,356 x 1. 5 2

b =T - 14.65 52,000 psi

F 70,000 psi @ RT x 0.96 = 67,200 psi 9 270*Fcy

(Refere~ice 3)

NI = S 67. -1 +0.29
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I

Center and Outboard Support Beams

24 R. 1I

Critical beam loading is maximum ejection load up combined with maximum
steady state load down. Loads are combined per equation

R., 1.15 R (Thrust) - 0.15 R (Steady State)

Condition I A + IV B

RZ4 1.15 (11,261) - 0.15 (-2348) = 13,302 lb

R 1.15 (7591) - 0.15 (-1170) 8906 lb
Z2

RZ 1.15 (17,714) - 0.15 (-4530) = 21,080 lb

R 1.15 (14,044) - 0.15 (-3353) = 16,653 lbZ3

Condition I B + IV C

RZ 4 - 1.15 (14,804) - 0.15 (-4952) = 17,785 lb

RZ2 = 1.15 (17,714) - 0.15 (-8610) = 21,690 lb

RZl = 1.15 (7591) 0.15 (+2910) 8292 lb

R 1.15 (10,501) - 0.15 (-749) = 12,212 lb

181
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Si•

8 7* 5
-- Center Support Beamn

+0+ J 3.15

17.6 20.0 19.1

56.7

[ 0.35

0.27

5.0P,i
.-- y[_ ,

(D7- 0. 35 3.15j

Section A-A

Section Properties

EA 2.56 In 2  EI = 1.88 4Section B-B

EAY 6.40 In 3  INA = 9.371 In4  Section Properties

EAY2 23.60 In Y = 2.50 In INA 0,703 In4
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JI
Condition I A +IV B

8906 lb 21,080 lb 16,653 lb

13,302 lb

17.6 in--]-- 20.0 in- * no1 .1 n

I __________ 16,653 lb

0__ 0t

-112,212 lb

0 0

3134,0165 in-lb

18372 n 1b

..................................fAIVt Cg4..4



Beam Analysis

Material Allowables:

4130 Steel per MIL-S-6758

F = (90,000)(0.97) = 87,300 psi @ 270OF
tu

F = (70,000)(0.97) = 67,900 psi @ 270oF
cy

F = (55,000)(0.97) = S3,350 psi @ 270°F
su

" C t A(Reference 3, Page 102)

Assume a 50 - 50 moment distribution. Maximum loads are from
S~Condition I A and IV B.

MMAy (1/2)(318,072) = 159,u36 in-lb

Check Section A-A

ft = M_ (159,036)(2.50) 42,400 psi

t 9.371 -4,0 s

MS F-tu -1 87,300 1 +1.06
42,400

Check Section B-B

= (0.27)(3.15) = 0.703 in4
12

= (1/2)(16,653)(3.15) 26,200 in-lb

Mc (26,200) (1.58) 58,900 psi
1 - = 0.703

Ft87,300
MS t -I -8 -l = +0.48

f- 58,900tf

4
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Check Shear Stress. Use cross section area for effnetive area in shear.

0.27

0.757

.5.0

( (.0) .(0757)(0.27) 1.15 in2

= 1',785 pounds

V( 'XT _____

AT (178185)• fs T 7 A- 3/2 (I1) =23,200 psi

F 36,000) (0.97) = 53,350 psi

: ~FS
MS = -s-1 = +1.30

18S
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Forward Joint (Side View)

17,785
2

P Outboard Support Beam

LdoIad on Fastener
1.4 Dte to Direct Load

1) Pm Load on Fastener

--- Due to Moment

2 0 - .04 0 1.0 01 +15 +1 400 40 45
3 2.360 5.5 0 42 447042

1. - 128

2.--ýforwr 3/upport76 Bolts

2 0 -1.04A 1.408 0 +187> +1 S u 441050 0 Pound Sigl5Sea

forA 3/8"0 NA66 Bolts-
~M 128 (27(90 2403 (1,50(08) 03 oud

Reference ;, page 618)A

MS 900-1 = +0.864858
186
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Forward Joint

,17,78S Center Support Beam

i)i1.2 1.- 1 P* .0

Hol1t x vy :j y2  Pdx Pmx Px Pdy Pray P R

1 -0.5 1.27 0.25 1.61 0 -4056 -4056 2225 -1597 628 4104
2 0.5 1.27 0.2S 1.61I 0 -4056 -4056 2225 1597 3822 5573

3 -u.5 0.17 0.25 0.03 I0 -$43 -543 2225 -1S97 628 I 830
4 0.5 0.17 0.25 0.03 I0 -543 -543 2225 1597 3822 3860

S -- -1 .43 .- 2.04 I 0 4567 4567 .. .... 4567

6 --- 1.43 -- 2.04I 0 4567 4567 ....- - 4567

31.0

M = (3.0)(8900) = 26,700 in-lb

-MyA - 26,700

Bol 2 2 =d m x Pd iy P

1 mx - A + 0.25 8.36 0 4 -3194y

MxA - 26,700 4 45

mry = TxOA A 8.36 -,x£ -- 314for 3/8" NAS676V Bolts: Pu = 10,00 pounds (Single Shear) Ref: NAS 621

P = (10,500)(0.86) = 9080 in-lb @ 2700 F

(Reference 3, page 618)

9080MS -173 = +0.63

"187-
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2

I . 60

L' L

-Outboard or entAft Support Beam
Support Beam

Rivet x y__Su___ort__Beam

Rivet x y x2 y2 Pdx Pmx Px Pdy Pmiy Py R

1 -0.5 0.875 0.25 0.765 0 -2853 -28S3 2082 -1630 4S2 2889

2 +0,5 0.875 0.25 0.765 O -2853 -2853 2082 1630 3712. 4682

3 -0.5 -0.875 0.25 0.765 0 2853 2853 2082 -1630 452 2889
4 +0.5}-0.87 0,25 0.765 0 2853 2853 2082 1630 3712 4682

1.00 3.06

where

M (1.59) (8327) = 13,240 in-lb

-MyA x- 13,240K -xA
- mx EAx2 + Zay 2  4.06 = 3261Ax +Ayx

for

3/8" NAS676V olts: P = 10,500 Pounds Reference NAS621
su

P = (I0,500)(0.86) 9030 Pounds @ 270OF (Reference 3, page 618)

MS 9 -10 = +0.93
4682

188
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4.3.2 Fittings

Forward Clevis Fitting

S•t----- ~2.60" 0- $ ,

0.581,1 .20"

NAS678V

NAS676V(4) -

"2 P
Ie teT

2 P

2P

0.40"1

The forward clevis fittings function as connections between the forwa-rd
support beam and the forward attach points. The maximum load occurs at
the outboard fittings.

Material - 4130 Steel per MIL-S-6758 I
Ftu = 150,000 psi per MIL-H-6875

F = (150,000)(0.97) = 145,500 psi @ 270OF
tu

(Reference 3, page 102) I
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Forward Clevis Fitting (Continued)

Loading

Condition No. V C

R 0 -4918 Pounds = P

Condition No. II B

RZ10 = 11,133 Pounds = T

P Zr =Z + 1.15 (T - PZ)

PT -4918 + 1.15 (11,133 + 4918)
ZT

PZT = 13,541 Pounds

PT (. 20 )PZT = (1.20)(13,541)
2(1.8) 2(.85)

P = 4392 Pounds

Section A-A

S= (0. 5 8)PT = (0.58)(4392)

N = 2547 in-lb

6•M 6(2547)

bt 2  (1.16) (0.40) 2

f b 82,338 psi

f = 145,500 psi

Ftu
MS - 1 = 0.77

fb
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Forward Clevis Fitting (Concluded)

Connection to Forward Support Beam

Ps P zT/4 13,541/4

P = 3385 Pounds
s

PT = 4392 Pounds

NAS676V

Ps s 10,500 Pounds Single Shear
Per NAS 621

Ptu 14,000 Pounds

P : (10,500)(0.86) = 9030 Pounds @ ( fsu @ 270°F (Reference 3,

P (14,000)(0.86) 12,040 Pounds Pages 617,618)
tu

P
R --L = 0,375

s PP su 1- +0.91RT-Ptu 0.365 (R S + RTI21i

Connection to Attach Point

Ps = ZT 13,541 Pounds

NAS 6788V

P = 37,300 Pounds Double Shear Per NAS 621

Psu = (37,300)(0.86) = 32,078 Pounds (Reference 3, page 618)
i MS : s

P- -1 = +1.37

PS

Is
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~~W rr~-- --------~tz -

Aft Clevis l-itting
,-Support

Support Beam
Aft Clevis Fitting

SNAS677V(4)

R 14

4130 Steel
S.t 150 ksi at RT

Z5

Ftu = 145.4 ksi at 2703F

0.32 Average Thickness (Reference 3, page 102)

0.40

0.40 _

0.33I

0.69

Loads

Condition V B (Steady State) RZ5 -3031 Lb

Ry5 =886 Lb

Condition 1I A (Thrust) RZ5 11,657 Lb

R Total = 1.35(T) -0.35(S.S.)z5
= 1.35 x 11,657 - 0.35 x -3031

= 16,800 ,b
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Aft Clevis Fitting (Continued)

Pin Bending

0.15 gap is left on each side of the C081-14 bolt to prevent the fitting
from taking axial load.

F1  t
b . .+ -- + g t 1 = Outer Lug =0.32 inchS 4

t2- Center Lug 0.40 inch

g = Gap = 0.15 inch

b = 0.l + 0.10 + 0.15 0.41 inch
,b

= 1- 16,800 x 0.205 3450 in-lb

f c 3450 x 0.4375 = 52,500 psi bolt bending
b 1 0.0288

Ib of a 7/8-inch diameter C081-14 bolt is 220 ksi

220 x 1.7 - = HighMS= 52. 5

where 1.7 = K for bending modulus of circular section

Lug Bearing

Pbru = Kbr x Ftu x Abr

S1.04 x 145,500 x 0.875 x 0.32 x 2 = 85,000 Lb

85,000 1
16,800 High

where Kbr is a bearing factor.
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Aft C ev is 1It it*, t Concq Iud,'d)

Iast .lic" A\llaly's is

X' + ( 10" + 0.7') = !5 ,

1 ,,M=)_ Lb

I'. x v Px Pmx Px Ndv 1"My Py R

j1.3 07 -2212 -(1560 -6782 -4 200 +9380 +5180 853
1 0 07 -222 -bsb0 - t)"7 82 -40 -9 o -3,,7c)

,1 .0 -0.7 -2 +660 +6338 -4200 +9380 +5180 8180

!o15,179 Lb

: br 190 ks- 0 RI x 0.95 180 ksi - 2700F ( +efe+e1ce0 8

a1 x 15.17 -93
S bu A 0.33 x 0,437 338 -2 9

Ni +0.-11

For a 7/116- ini'c-dimictetr oAL,-JV Tlit anium Bolt (IN..S ti77)

.' 14,280 Lb

14, 80
MS 15.1"9 -1 = +0.88

1
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Support

'* 1.625 (for 0.88 hole) 25

PP dt1.63 (for 0.87 R)

- 0.50 1.00 12

2.4-
0.87R 2.43 (for 0.87R) 300

C .88 Hole (1)

20.66

0.50K 0.500.40

0.20

0.75

0.125 0.09R (Typ)

2.0w

S(-tion A-A

. ... .... 1.5



J§

Support

An analysis of the log located in the upper part of the beam (Section C-C)
is made. An idealized lug is assumed.

P4

~ZT

.. - ~--0.87 R

-0.88 Diameter

Section C-C

Load Conditions:

PZT PZ + 1.35 (T P2 )

Condition II A gives RZ5 : 11,657 T

Condition V B gives R : -3031 PZ (Reference ejection &
Z5:Zinertia loads)

(Rz5, Ry5 are location points) RY5 : 886 = Py

PZT -3031 + 1.35 (11.657 + 3031) 16,800 Pounds
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Mat erial

4130 heat treat steel @ 2700 F (temperature factor, K = 0.97).

Ft = (0.97)(150) = 145 ksi )
F = (0.97)(132) = 128 ksi (Reference 3, Page 100)
ty

6 6)
E = (0.97)(29 x 106) = 28.13 x 10 psi

Lug Check

P = 16,800 Pounds

Bearing - Tearout

Pbru Kbru Abr Ft 0.82 x 0.88 x 0.40 x 145,000 41,900 Lb

41,900where Kbru is a bearing factor MS = -1 +1.49br. 16,800

Tension 4
Ptu K A F 0.93 (1.74 0.88)(0.40)(145,000) = 46,400 Lb
tu t t tu

•" ~46,400 :
where Kt is a tension efficiency factor MS 46,400 = +1.76

t 16,800

Shear Check

No shear check ,,ill be necessary because of the large number of
fasteners on the rack support and the relatively small load.

197
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4.3.3 Fuselage Backup Structure - Ait Weapons Bay Rack

Skin
Bulkhead

Cheek Detail __

Cheek +

;': F Support

Outboard Skin

Skin- Inboard

View Looking Forward
10 •Lefthand Side

Cheek to bulkhead connecting bolts are the most critical items in
"the fuselage structure.

"The four NAS6S4 bolts attaching the cheek to the bulkhead will be
evaluated for down weapons load plus weapon bay door loads.

198
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Support

Bulkhead

NAS654V(2) 2520 Lb Bay Door Load

NAS654V(2) 5185 Lb Bay Door Load

Cheek

Detail NAS654V(2) Zero Bay Door Load

The four bolts connecting the cheek to the bulkhead carry rack loads in
addition to existing load from weapons bay doors. The two bolts from
longeron to bulkhead are considered ineffective for rack loads.

P 8120 Lb Ult Condition VII C, R
7.33G Z5

1760 Lb Ult (1/4 of Rack Weight at 7.33 G)
Rack 9880 Lb Ult

Critical Bolt Load

1/4(9880) + 1/2(5185) 5062 Lb

NAS654V 5820 Lb

5820MS +0.15

Sii!
199
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4.4 Sample Influence Coefficient Calculation

The beams to be evaluated are indeterminate members. In order to
evaluate the structural adequacy of the members, they are converted to a
series of determinate segments through use of the Hardy Cross iteration
(Reference 4). A sample calculation is presented here using unit loads.

Forward Beam - Unit Loads

Drag Load (Rx) is distributed same as vertical load (R.)

Side Load (Ry) is equally distributed to four supports
YA

RR R R'RZ7  Z8 Z9 Zl0

3 0 12.8 .6. 0 -P16. 0 16.4

i . . .. :
t_ I III ' tl i u-

TX4  R. TX4  TX4
RZ4  R

RZ4  - Z4

Right Hand Bomb Left Hand Bomb
View Looking Aft at Forward Beam

Section A-A, I 3.14 In, L 12.0 In.

Section B-B, I = 13.90 In 4  L 16.4 In.

1BB 13.90 4.42
1 3.14 1.00

Moment Distribution Factors

12.0Section A-A, I/L = 20=0.083

Section B-B, I/L = 164 = 0.269

16.4

Z • 0.352
L

K - 0.083 0.24AA 0.352

KBB •269= 0.76

Fixed End Moment Sign Convention: ( +M )

20C
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Vertical Load on Centerline Rack

+ Moment~

R -0.074 R 8  +0.574 R9 =.0.74 R~i 0.074

1-6.0-,j -6.0-1

~~~~~~1.0 0.6 02402b 07 .

0~a 1.4 0.6 6-0.360 -. 40

0.570 0 -0.180 0.180 0 -0.570

0.068 -0.28S -0.021 0.021 0.285 -0.068

-0.068 0.232 0.073 -0.073 -0.232 0.068
0 1.224 -1.225 1.225 -1.22S 0

t 0.074 10.074 6.0O1.074

1.0 Lb

201



Ver'tical Load on Right Hand Rack

R 031 0.063 R =0.010

z7 0.752 Z8 z9 0

~3.6 12.8

1.0
2a 1 x 3.6-x 12.82I-L

Fixed End Moment Pb =-2.193InL
16.42

2 2
FiedEn Mmet Pa b 1 x 3.6 x 12.8 0.617 In-Lb

L ~16.42

1.0 0.76 0.24 0.24 0.76 1.0

-2.193 +0.617 0 0 00

-0.4163 0.11406 9 -0.1 31 0 0.02

-008-0.283 -0.065 -0.015 -0 .01 5 005

0.416 -0.096 -0.030 0.031 0.100 -0.028

0.048 -.0.169 -0.054 0.007 0.022 -0.050

k280.010 0.010'

ý 0.752 024.

0.0530.5
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Torque on Centerline Rack

= +0.009 R = -0.118 R z .118 Rzl 00 9 f

zz7 +z8 z9 = -0.009

-6. 0 Z- -6,0- __ ___

1.0 In-Lb

Fixed End Moment mb (- - 1x6 (3 x 6 ) 0.250 In-LbS = -U - = ~12 -12- .5 n L

a b =6.0 In.

1.0 0.76 0.24 0.24 0.76 1.0
0 0 0.250 0.2S0 0 0

0 -0.190 -0.060 -0.060 -0.190 0
-0.095 0 -0.030 -0.030 0 -0.095

0.095 0.023 0.007 0.007 0.023 0.095
0.011 0.047 0.003 0.003 0.047 0.011

-0.011 -0.038 -0.012 -0.012 -0.038 -0.011 A

-0.019 -0.005 -0.006 -0.006 -0.00S -0.019

.0.019 0.008 0.003 0.003 0.008 0.019
0 -0.155 0.15S 0.155 -0.155 0

0.009 0.00 1.0 o0.009 0o.009

0.109t 0.109
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Torque on Right Hand Rack

RRR R 0.016 R =4.0

z7 -0,068 Rz8 = +0.081 Z9 - zl0 0.003

1.0 In-Lb

a = 3.6 In.
b = 12.8 In.

mb 3a I x 12.8 /3 x 3.6 0.267Fixed End Moment = 16.4 16.4 -

ma ,3-a = - x 3.6 3 x 12.8 0.292 In-LbFixed End Moment = - L-- 6. 16.
L L 16. 16. /

1.0 0.76 0.24 0.24 0.76 1.0
-0.267 0.292 0 0 0 0

0.267 -0.2Z2 -0.070 0 0 0
-0.111 0.133 0 -0.035 0 0

0.111 -0.101 -0.032 0.008 0.027 0
-O.OSO 0.055 0.004 -0.016 0 0.013

A
0.050 -0.045 -0.014 0.004 0.012 -0.013
-0.022 0.025 0.002 -0.007 -0.006 -0.006

0.022 0.021 -0.007 0.003 0.010 0.006
0 0.116 -0.117 -0.043 0.043 0

1.0

to,068 '0.068 0.003 10.003

10.013 t 0.013

204



1'~ 4O COD. 0 0~ ~ '

I) I + + I
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0000

0) 0I 0 0 C

C! - 10 4f( O0L~ 0 1c 0 0 c 0 LI0

0 0 0 000 CDN 0 00 0 0 0IN 0 0

* 0000
00~ 0000

0 0 C.
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O.) 00 000 000
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• ~SECT ION V

SUMMARY AND CONCLUSIONS

The aft wei:pons bay rack with three 1000-pound bluff shaped bombs has
been designed for the full F-ill flight envelope. Ejection is limited to
+0.5g to +4.0g, the same as the existing limit for the F-lIlA. The minimum
margin of safety is 29 percent for ejection '.oads on the aft support beam.

The fuselage backup structure is critical for the 7.33g flight condi-
tion. The minimum margin of safety is 15 percent on two bolts connecting
the cheek to the bulkhead at station 448.

20
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SECTION VI

PROOF TEST LOAD

Proof test load is 7.33g limit on the aft weipons bay rack including
three NIAU-12 ejector racks and three 1000-pound bombs.

Load Due to Aft Weapons Bay Rack

P = 1 x 400 Lb x 7.33g - 400*Lb 2530 Lb

Load Due to 3 NIAU-12 Ejector Racks

1P = 3 x 80 Lb x 7.33g = 1750 Lb

Load Due to 3, 1000.Pound Bombs

ER, =33,000 Lb Ult
R 384 Lb R 4537 Lb R 3844 Lb

4Z7 8 Z8 L bz (Reference Condition VII C)
RZ9 4537 Lb ER 33,000 1-2,000 Lb

Limit

STA 448

RZ5 =8120 Lb Plan View = 8120 Lb

Total Proof 'rest Load j
PTotal = 2530 + 1750 + 22,000 = 26,280 Lb

* * Weight of Test Article
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SUBSCRIPTS

a Aerodynamic

Avg - Average

AW - Adiabatic Wall

b - Bending

br - Bearing

bru - Bearing Ultimate

bu - Bending Ultimate

c - Compression, Compressible

D - Drag

d - Due to Direct Load

h - toop

L - Lift

m - Due to Moment

NA - Neutral Axis

s - Shear, Structural

su - Shear Ultimate

t - Tensile

tu - Tensile Ultimate

U - Ultimate

v - Vertical
y -Yield

x, y, z - Orthogonal Axis

1, 2, 3, etc - Case in Point
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LIST OF SYMBOLS AND ABBREVIATIONS

A -Area

all - Allowable

alt - Altitude

BHD - Bulkhead

b - Heigth

C -Coefficient

c - Distance to Moment Axis, Center Stress

cg - Center of Gravity
•, ~CL, -Centerline'

D, d, dia - Diameter, Direct

e - Radius, Distance to Edge

E - Modulus of Elasticity

F - Force, Fahrenheit, Allowable Stress

f -Occurring Stress

FEM - Fixed End Moment

FS - Fuselage Station

FWD - Forward

g - Gravitational Acceleration

GW - Gross Weight

H - Horizontal

I - Moment of Ihertia

K - Factor (Defined in Body)

k - Spring Rate

KCAS - Kaots Calibrated A4rspeed

L - Length
" ~LIM - Limit

M - Moment, Mach Number

Max - Maximum

MS - Martin of Safety
MSL - Mean Sea Level

n - Normal Load Factor

P - Load

.. U209'
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LIST OF SYMBOLS AND ABBREVIATIONS (CONCLUDED)

AP Pressure

psi - Pounds per Square Inch

Q - Shear Volume

j.. q - Dynamic Pressure

R - Reaction

rad - Radius

R - Resultant Load

RT - Room Temperature

S - Area

SL - Sea Level

T - Torque Reaction, Thrust (Ejector Force), Temperature

t - Thickness

ult - Ultimate

V - Velocity, Shear Load, Vertical

w - Running Load

x, y, z - Orthogonal Axes

x - Moment Axis Location

'AM

GREEK

"- Angle of Attack

- Angle of Sideslip

A - Wing Sweep Angle

0, 6, e - Pitch Displacement, Velocity, AcceleratioA,

, •, - lYaw Displacement, Velocity, Acceleration

P, i, i R - oll Displacement, Velocity, Acceleration J
6- Total Stress t

- Poisson's Ratio

S- Shear Stress
E. - Summation.i

v - Specific Weight

210 4
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AFISC/SEV 1 Rockwell Intl/Dept 300-EB07 1I
FTD/ PDX 1 ASD/ENYEl-M1
ASD/Tech Lib 1 Ogden ALC/MMNOP 2
ASD/ENY 1 Sandia Labs, Div 5625 1
ASD/ENF 1 AFWL/LR 2
ASD/YHEX 2 Sandia labs, Div 3141 1
ASD/XR 1 AFIS/INTA 1
Nay Wpns Ctr/Code 753 1 Sandia Labs, Div 9322 1
Nay Ship Rsch & Dev Ctr/Gode 5643 1 AESC/DLCAW 1
Nay Surface Wpns Ctr/Gode KBB 1 ADTC/SES 1
Nay Ship Rsch & Dev Gtr/Code 165 1 HQDA (DAMA.-WSA) 1
Nay Ship Rsch & Dev Ctr/Code 166 1 Naval Surface Wpns Ctr/Tech Lib 1
Nay Ship Rsch &~ Dev Ctr/Code 648 1 SAC/NRI 1
CINCPACAF/LG 1 FL2302, Tech Lib 1
CINCPACAF/IGY 1 TACTECI
CINCPACAF/XOO 1 USAFTFWC/TA 1
SAC! LGW 1 USNWC/Code 533 1
Nay Wpns Ctr/Code 406 1 Nay Wpns Eval Fac/Wpns Dept 1I
SAC/XPH-N 1 R~and Corp/Library-D 1
CINCUISAFE/DO 1

CINCUSAFE/LG 1
Sacramento ALC/MMSRB 1

USAFTFWC/DR 1 *
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